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l5 4) Treating metal surfaces to 
Improve corrosion resistance 



(57 ) Metal surfaces, particularly zinc 
?ndrinc alloy surfaces, are treated 
wllinaqueoueacldlc-l^on 

containing effective amounts of 

A) hyd?ogen ions to prov.de a P H of 
about 1.5 to about 2.2, 

B) an oxidizing agen t^ 

C) atlii^oneoTjf^cobait 

nickeCl^oi^^ 
..nminium, lanthanum, ^^ a ^ s 
mixtures or cerium tons or mixtures 
ZZt or instead of C) iron and 



cobalt ions. Other treating solutions 
also incorporate . . 

D) chromiu m ions sub^ianlially^aU 

of whichlrTTfnn^^^ and 
iron ions in combination . wi th an 

add itional metalj gra^or jSj^^ 
r ons^orAh BrC ^n^and F), a bath 

soluble and compatible silicate 
compound or A), B), O and D) and G , 
a mixture^ l-hydroxyethylidene-l 1 
diphosphonic acid and citric acid or 
mXesofA),B),C)andD)w.thtwo 

or more of E), F) and Q>- ^ B "^"^ 
solution may optionally further contain 
halide ions and a wetting agent. 
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SPECIFICATION 

Chromium appearance passivate solution and process 

The present invention relates to passivation of metal surfaces to impart the appearance of a 

^"^rre'tfch'omium containing aqueous solutions have ^.^SSlK 
. . • -ot^w M rirr,ii.m rarfmium allov and aluminium surfaces for improving tne corrosion 

original containedchromium in the hexava.ent state and in m°n,^t year. educedToxWty of 
constituent was present as a mixture of the hexavalent and tr.valent forms. The ^ u «* "*'°2nT 
u-ivalent chromium and the increased simplicity and efficiency in treating waste ^"^"^"JJJ 
trivaent chromium has occasioned an increased commercial use of passivate solutions '"which the 

S °' Uti TSe exce^orrosion protection provided by hexava.ent chromium passivating solutions is 

1 foTtTb^dSaspecMh^ent invention provides an a 0 ueous acidic solution useful 

in ,h e ^a.me n „ 9 , of substrates to impart a palate film thereon compnsmg 

A) hydrogen ions to provide an acidic pH; 

S "SSSSSSS.'SU. nicKai. mCbdenum. ~^^-™™S-d 
lanthanide mixture or cerium ions or mixtures thereof .n an amount eff.ct.ve to impart .ncreased 

ro ^p e rSe=rrpa^ 

alloys of cadmium predominantly comprised of cadmium. While the « in its va, „o u p 

magnesium and magnesium alloy surfaces to form a P^^ 1 ^^^^^^^^ 
tS^^^ 

in ^„Sri^^^ ^entCon zin. 

cadmium alloy, aluminium and magnesium surfaces are ^^^J*"*^^*^*^ 
solution, at a temperature ranging from about 40° up to about 1 50°F (4 tc ,66 , C) for ° 
typically ranging from about 1 0 seconds up to about 1 minute to form the desired P^^ 8 * h JJ; whic| . 

A treatina bath formulation in accordance with the various aspects of the present invention wmw 
are desc'bed in detaiSow may be applied to a substrate to be treatec .by .spray ™™™£*« in ° 
55 or the like for a period of time sufficient to form the desired pass.vate fl «" hereon. The trea mg 
solution is controlled within a temperatura range of about .40° to about 1 50'F(4 to66 Q, with a 
temperature range of about 70° to about 90°F (21 • to 32°C) being P!£^'^™™£Z£ n 
about 90°F (32°C) have a tendency to cause a rapid loss of the peroxide-type ' oxid ,z 'n9 agen» 
used whereas temperatures below about 70°F (21 -C) reduce the acfvty of *****£n** ?s can be 60 
60 increased contact times to achieve a passivate film of ^^^^^^^SZ t 2^30 
achieved at the higher temperatures at short time intervals Typically, c ° n * c "™"°^*™Jy 
seconds to about 1 minute are satisfactorily with contact times of about 30 seconds being usuai.y 

""^According to a first aspect of the present invention there is provided a passivating solution which 
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does not contain any chromium ions and is effective for imparting corrosion resistance to zinc, 
cadmium and aluminium surfaces as well as alloys thereof. 

This aspect of the present invention provides a treating solution and process which is effective to 
selectively impart a clear blue-bright or a clear light-yellow passivate film to zinc, zinc alloy, cadmium, 
5 cadmium alloy, aluminium and magnesium surfaces which provides for improved corrosion resistance. 5 
The present invention is further characterized by a process which is simple to control and operate and 
which is of efficient and economical operation. 

The benefits and advantages of the first aspect of the present invention are achieved in 
accordance with the composition aspects thereof by providing an aqueous acidic treating solution 

1 0 containing as its essential constituents hydrogen ions preferably to provide a solution pH of about 1 .2 10 
to about 2.5 which can be conveniently introduced by mineral acids such as sulphuric acid, nitric acid 
or hydrochloric acid; an oxidizing agdnt of which hydrogen peroxide itself is preferred, preferably 
present in an amount of about 1 to about 20 g/I, iron and cobalt ions in an amount effective to impart 
increased corrosion resistance to the treated substrate and preferably present in an amount of about 

1 5 0.02 to about 1 g/I to form a blue-bright or clear passivate film. 1 5 

The treating solution contains an oxidizing agent in an amount effective to activate the metal 
surface and to form a passivate film thereon, and iron and cobalt ions present in an amount effective to 
activate the bath and to impart integral initial hardness to the passivate film. The treating solution may 
optionally further contain cerium ions present in an amount effective to further activate the bath and to 

20 promote the formation of a clear light-yellow passivate film. Additionally, the treating solution may 20 
optionally contain halide ions including fluoride, chloride and bromide ions for increasing the hardness 
of the passivate film as well as one or more compatible wetting agents preferably in a small amount for 
achieving efficient contact with the substrate being treated. 

The iron and cobalt ions are conveniently introduced into the bath by way of bath soluble and 

25 compatible salts including sulphates, nitrates, or halide salts. The concentration of the combined iron 25 
and cobalt ions to achieve appropriate activation of the treating bath is controlled within a range of 
about 0.02 to about 1 g/I, preferably within a range of about 0.1 to about 0.2 g/I. The iron and cobalt 
ions individually are present in an amount of about 0.01 to about 0.5 g/I with individual amounts of 
about 0.05 to about 0.1 g/I being preferred. 

30 When a passivate film is desired having a light-yellow appearance, the treating bath further 30 

contains cerium ions present in an amount effective to further activate the bath and to impart a clear 
yellowish colour, preferably an iridescent light-yellow colour to the passivate film on the substrate 
treated. The cerium ions can be introduced in the form of any bath soluble and compatible cerium salt 
including cerium sulphate (Ce(S0 4 ) 2 • 4H 2 0); halide salts such as cerous chloride (CeCI 3 • 6H 2 0); or 

35 nitrate salts such as cerium nitrate (Ce(N0 3 ) • 5H 2 0), (Ce(N0 3 ) 3 (0H) . 3H 2 0). Usually, at least some of the 35 
cerium ions are introduced into the bath in the tetravalent state to impart the characteristic yellow 
colour of the tetravalent cerium ion into the passivate film. Certain oxidizing agents such as hydrogen 
peroxide, act as a reducing agent under the acid conditions prevalent in the bulk of the operating bath 
and reduce some of the tetravalent cerium ions to the trivalent state. However, oxidizing agents such 

40 as hydrogen peroxide revert from a reducing agent to an oxidizing agent at the interface of the substrates 40 
being treated due to the higher pH prevalent at the interface and oxidize at least some of the trivalent 
cerium ions to the tetravalent state which are deposited in the film and impart the characteristic yellow 
colour thereto. When using such oxidizing agents as hydrogen peroxide, accordingly, all of the cerium 
ions can, if desired, be initially introduced into the operating bath in the trivalent state of which a 

45 portion are oxidized to the tetravalent state at the interface of the substrate. The passivate film usually 45 
contains a mixture of trivalent and tetravalent cerium compounds and the intensity of the yellow colour 
of the film is dictated by the concentration of the tetravalent cerium compounds present. The cerium 
ions in addition to imparting a light-yellow colour to the passivate film also improve the corrosion 
resistance of the treated substrate. The cerium sulphate compound, due to solubility difficulties, is 

50 preferably added to the bath in the form of an acid solution such as a dilute sulphuric acid solution 50 
containing the cerium sulphate dissolved therein. 

The concentration of cerium ions in the operating bath can range from about 0.5 up to about 10 
g/I with concentrations of from about 1 .0 to about 4.0 g/I being preferred. The concentration of cerium 
ions is in part influenced by the magnitude of the yellow coating desired and higher concentrations of 

55 the cerium ions produce corresponding increases in the yellow colour of the passivate film. 55 
Because of cost considerations, the cerium ions are preferably introduced as a commercially 
available mixture of rare earth salts of metals in the lanthanide series which contains cerium 
compounds as the principal component. One such commercially available material is a cerous chloride 
solution containing about 46% solids of which CeCI 3 ■ 6H 2 0 predominates. The cerous chloride solution 
60 is derived from rare earth oxide (REO) concentrate sold by Molycorp, Inc. of White Plains, New York 60 
under product code 53 1 0 containing a minimum of 99 percent total REO of which Ce0 2 is 96%, La 2 0 3 
is 2.7%, Nd 2 0 3 is 1% and Pr 6 O n is 0.3%. A eerie sulphate solution is commercially available from the 
same source containing about 42% solids of which Ce(S0 4 ) 2 * H 2 0 predominates and which is also 
prepared from product code 53 1 0 containing other rare earth metal compounds in similar minor 
65 amounts. 65 
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rh:« first astject of the present invention can conveniently 
The operating bath in accordance , wit ' *" constituents with the exception of the 

be prepared by employing a concentrate "SSSdSSTSSted with water to which the cerium ions if 
cerium ions and oxidizing agent wh.ch is ada pted to oe cm containi ng the constituents w.th.n 

employed, and oxidizing agent are separate V ^ ^ » ^Jf/tath on a continuous or interment 5 
5 the desired concentration range. s '^^^{I ac av. constituents with the °^ Ml|y 
basis can be achieved employing a | ^"^"^^ally added separately to the operating bath. Typ cally 
cerium ions and oxidizing agent which , are '"d.v'dua <y a P Qf ^ |t ions hahde 

a bath make-up concentrate «n wntam fro j a ^ * n ° amount up to about 5 g/l if employed. Such a 
ions up to about 20 g/l and a suitable surfactant in a percent wgter tQ wh|Cn C e nur n l u 

, 0 make-up concentrate is adapted to be dju ^^^^ an operating bath containmg the active 
ions, if employed, and an ™ dmn * ^j^ng agent such as hydrogen peroxide, for example is 

1 5 constant into the operating bath *• »^ Concentrate with the remain^, act.ve 

cerium sulphate in the high ^^^^^ZLs precipitation of the cerium compound. Even 
constituents other than the "^JSS salt the presence of sulphate ions in the 

when the cerium is introduced as i a hal.de .or n ^ causes prec ipitat.on. 

20 concentrate employed introduced by he o ue d as a separate addition component and 
Accordingly, the cerium concentrate is P rete ^°'Y . su lphate having a cerium ion 

m ay comprise Iqueous acidic : solutions , o cerous cWonde o can ^ P q ^ Suchcenum 

about 2.5 with a pH range of about 1 -5 to about 2.0 being P ^ acids such as 

acid addition or sulphate salts of the other bath conatnue . k /( be(ng preferred . 

S peroxide constitutes the P^-J^ have also been found effecve as 

peroxide. Additionally, ammon,um and alkal. metal p ^ 

45 bromine end fluorine ions which ^^t"^«n «-^nl.r.«y be introduced °' 
P In the second fourth and Mth "Pects oT he in*ent,o „ ab v out 2 grarr[S per litre with 

■ STS -e is proved a ,rea,,n g soiution and 6= 

6 5 According to the second aspect of the present 
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process which is effective to impart improved corrosion resistance to zinc, zinc alloy, cadmium and 
cadmium alloy, as well as aluminium and magnesium surfaces and to impart a desirable surfaces finish 
which can range from a clear bright to a light blue-bright appearance, which process is simple to control 
and operate and which is of efficient and economical operation. This and the third to seventh aspects of 
5 the invention all utilize triyalent chromium ions. 5 

The benefits and advantages of the second aspect of the present invention are achieved in 
accordance with the composition aspects thereof by providing an aqueous acidic treating solution 
containing as its essential constituents, chromium ions substantially all of which are present in the 
trivalent state preferably at a concentration of from about 0.05 grams per litre (g/l) up to saturation, 

1 0 hydrogen ions preferably to provide a solution pH of about 1 .5 to about 2.2 which can be conveniently 1 0 
introduced by mineral acids such as sulphuric acid, nitric acid or hydrochloric acid, an oxidizing agent of 
which hydrogen peroxide itself is preferred, preferably present in an amount of about 1 to about 20 g/l, 
and iron ions preferably present in an amount of about 0.05 to about 0.5 g/l e.g in the ferric state in 
further combination with at least one additional metal ion selected from the group consisting of cobalt, 

1 5 nickel, molybdenum, manganese, lanthanum, lanthanide mixture and mixtures thereof present in an 15 
amount effective to impart increased corrosion resistance to the treated substrate and to activate the 
bath and the formation of a chromium passivate film on the substrate treated. As mentioned for the 
first aspect of the invention the solution may further optionally contain halide ions for imparting initial 
hardness to the coating, as well as a wetting agent. 

20 In this second aspect of the invention whilst it is applicable in the same way as the first aspect, in 20 

the case of decorative zinc electroplatings, a further enhancement of the appearance of such substrates 
in addition to the corrosion resistance imparted is achieved by the passivate film which ranges from a 
clear bright to a light blue bright appearance simulating that of a chromium deposit 

The treating solution contains an oxidizing agent in an amount effective to activate the hydrated 

25 trivalent chromium to form a chromate film on the metal surface, iron ions present in the operating 25 
bath in the ferric state at a concentration ranging from about 0.05 to about 0.5 grams per litre and at 
least one additional metal ion selected from the group consisting of cobalt, nickel, molybdenum, 
manganese, lanthanum and mixtures thereof present in an amount effective to impart integral initial 
hardness to the gelatinous chromate film. 

30 The trivalent chromium ions can be introduced in the form of any bath soluble and compatible 30 

salt such as chromium sulphate (Cr 2 (S0 4 ) 2 ), chromium alum (KCr(S0 4 ) 2 ), chromium chloride {CrCi 3 ), 
chromium bromide (CrBr 3 ), chromium fluoride (CrF 3 ), or chromium nitrate (CrN0 3 ). The trivalent 
chromium ions can also be introduced by a reduction of a solution containing hexavalent chromium 
ions employing an appropriate reducing agent of any of the types well known in the art to effect a 

35 substantially complete stoichiometric reduction of all of the hexavalent chromium to the trivalent state. 35 
The concentration of the trivalent chromium ions in the treating solution may range from as low - 
as about 0.05 g/l up to saturation with quantities of about 0.2 to 2 g/l being preferred. Typically, the 
operating bath contains from about 0.5 to about 1 g/l trivalent chromium ions. 

The treating solution further contains iron ions preferably present in an amount of about 0.05 to 

40 about 0.5 g/l with concentrations ranging from about 0.1 to about 0.2 g/l being preferred. The iron ions 40 
in the operating bath- are predominantly in the ferric state due to the presence of bath oxidizing agents 
although they can be added in the ferrous form. As in the case of the chromium ions, the iron ions can 
be added to the bath in the form of any bath soluble and compatible iron salt such as ferrous 
ammonium sulphate, ferric sulphate, ferric nitrate, or iron halide salts. Of the foregoing, ferric sulphate 

45 comprises the preferred material for economic reasons and because the use of this salt also introduces 45 
the desired sulphate ions into the solution. 

In addition to the iron ions, the bath further contains at least one additional metal ion selected 
from the group consisting of cobalt, nickel, molybdenum, manganese, lanthanum, as well as mixtures 
thereof. The foregoing metal ions or mixtures of metal ions are conveniently introduced as in the case 

50 of the iron ions, by way of bath soluble and compatible metal salts including the sulphates, nitrates or 50 
halide salts. For economic reasons, the lanthanum ions are preferably introduced not as a pure 
lanthanum compound, but as a mixture of the rare earth salts of the metals of the lanthanide series, 
(hereinafter designated as "lanthanide mixture") which contains lanthanum compounds as the 
predominant constituent. A commercially available lanthanide mixture which is suitable for use in the 

55 practice of the present invention is Lanthanum-Rare Earth Chloride, product code 5240, available from 55 
Molycorp, Inc. of White Plains, New York. This product has the general formula LA — RECI 3 • 6H 2 0 and 
is available as a solution containing about 55 to 60% by weight solids. The solution is prepared from a 
rare earth oxide (REO) concentrate containing a minimum of 46% by weight total REO comprising 
about 60% lanthanum oxide (La 2 0 3 ), 21 .5% neodymium oxide (Nd 2 0 3 ), 10% cerium oxide (Ce0 2 ), 7.5% 

60 praseodymium oxide (Pr 6 O n ) and 1% of residual REO. 60 
The presence of such other rare earth metals in the solution does not appear to have any adverse 
effect at the low concentrations in which they are present and may further contribut to the activation of 
the treating solution in forming the passivate film. 

The concentration of the additional metal ions for appropriate activation of the treating bath is 
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ahnut 0. 02 uo to about 1 g/l with concentrations of 
controlled to provide a concentrate ranging from about O.OZ up to aoo 3/ 

from about 0.1 to about 0.2 g/l b ^j" e J^ e °: inven tion can conveniently be " 

The operating bath .n accordance with this ^= 0 "°^ P c e o c nstituents with the excep tion of the 
prepared by employing . ^^^^T^ol^SS, SS.ln.ng the' constituents 
5 oxidizing agent which is adapted to be ^^7/" |enisnment of the bath on a continuous or 
within the desired concentration range S r'' a '' Y V r n ^ active constituents with the 

intermittent basis can be achieved employing , a ^J^^ng bath . Typically, a bath 

exception of the oxidizing a 9 en \ wh,C ^ ,S . a o d u d t e ? 0 3 ^ about 3 S ^ ^romium ions, about 0.5 to about 1 0 
make-up concentrate can contain rom afcut 1 °£™^* n ,, metal ion of tne group consisting of 
1 0 g/l iron ions, from about 5 to about 50 & «**™ 0 ££ BnUia mixtU r e or mixtures thereof, halide 
cobalt, nickel, molybdenum, "a"^" 63 ^ 3 ;^ 5 g/l if employed. Such a 

ions up to about 20 g/l and a suitable surfactant n an *™™\^°* e * water to pro duce an 
make-up concentrate is adapted to be d"""^'* ^ thfranS^ecffled. The oxidizing agent such 
operating bath containing *'^^^^SSSZ b'ath preferably in a form 
1 5 as hydrogen perox.de, for example is separately introa nyd rogen peroxide. 

commercially available c u ?" ta,n,n 9/^ h f n °" se 3 n ^ provided a treating solution and 

According « the th.d aspect of film to zinc, zinc alloy, cadmium. 

=mt^^^ 

SEES opiate and wh'ich is of ^S^S^^SX^ are achieved in 

The benefits and ^^«^£^£^£ m aqueous acidic treating solution 
accordance with the composition aspects i there or oy P ro « ia(| ^ a|| of which are present in the 
containing as its essential constituents, chrom JJ^J* ^ per litre (g/l) up to saturation, 
trivalent state preferable at a ooncentrat on < t J about 2.5 which can be conveniently 

light-yellow chromium passivate fll ™ 0 " * h ° ^ solution may optionally and preferably 

In addition to the cerium ions n the treating^ jolution^tne coba|t> nickel , 

further contain an additional metal .on select ed from ,™ e ^ J^ures thereo f to provide a 

molybdenum, manganese, lanthanum. Ia " tha m d J™Xn As mentioned for the earlier aspects of the 
further activation of the bath and pas s "* e ™™J™™™l io^ fo^r imparting hardness to the coating in 
invention the solution may optionaMy ^"^^^^l^X. introduced with the treating 

'Tnldd^ontothe^^ 

additional metal.ion selected from the group consis mg £ ^^J^ Such me tal ions may be 

=^ in - same manner as a,readY 

45 deSCri T b he d ££5 S£ "accordance with this KSSSSffiS " 

prepared by employing a concentrate ^taming .the ^^^^S^ the'cerium ions and 
cerium ions and oxidizing agent whic • - ■ ^aptec to be dHutec wjthin the desire d 
oxidizing agent are separately added " ™* C b °_^* n n a 9 con tinuou S or intermittent basis can be 

concentration range. Similarly. ^f^f^CZ wS, the exception of the cerium ions and 50 
50 achieved employing a concentrate ^^^7iS?SSrop.r.tIng bath. Typically a bath makeup 
oxidizing agent which are ind.v.dua |y ^ a 8 ^£ ™ Iu * io ns. from about 0.5 to about 50 g/l 
concentrate can contain from about 1 0 to aooui ou a/ ^ ^ molvbdenum, manganese, 

of additional metal ions of the group cons.simg u, """.'..^^s ^p to'about 20 g/l and a suitable 
lanthanum, lanthanide mixture, or mixtures *™£* e f*J^£^ concentrate is adapted to be 55 
surfactant in an amount up to about 5 ^'^X tal Jan oxidizing agent are added to 
diluted with about 96 volume percent water to ^^"enS wUhin the ranges specified. The oxidizmg 
produce an operating bath containing the ac ^ e co ^ intone bath preferable in a 

agent such as hydrogen perox.de, for example is sep a y nt by vo | u me hydrogen peroxide, 

form commercially available containing from about 35 * c 40 i P^ nt ° Y s , des irable to introduce this 60 

As previously advised, the low solubility ^ u ^J^^^ utlon . Normally, the use of 
constituent into the operating bath in the form of an aqueous aod.c solu rem aining active 

cerium sulphate in the high concentrations necessary to cerium cornp0 und. Even 

constituents other than the P« roxid t C °" St,tUen / ra ? p U s S a e ,? tne ^oresence o'f su , ph ate ions in the 
when the cerium is introduced as a hahde or nitrate s ^-^^27^^. Accordingly, the 65 
concentrate employed introduced by the other constituents causes prec p 
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cerium concentrate is preferably formed as a separate addition component and may comprise aqueous 
acidic solutions of cerous chloride or eerie sulphate having a cerium ion concentration of from about 
200 to about 320 g/l and about 60 to 100 g/l, respectively. Such cerium concentrates may 
conveniently be comprised of the commercially available materials hereinbefore described available 
5 from Molycorp, Inc. - ■ . 5 

According to the fourth aspect of the present invention there is provided a treating solution and 
process which is effective to impart improved corrosion resistance to zinc, zinc alloy, cadmium and 
cadmium alloy, as well as aluminium and magnesium surfaces and to impart a desirable surface finish 
which can range from a clear bright to a light blue-bright to a yellow iridescent appearance, which 

1 0 produces a passivate film of improved clarity and initial hardness, which process is simple to control 1 0 
and operate and which is of efficient and economical operation. 

The benefits and advantages of the fourth aspect of the present invention are achieved in 
accordance with the composition aspects thereof by providing an aqueous acidic treating solution 
containing as its essential constituents, chromium ions substantially ail of which are present in the 

1 5 trivalent state preferably at a concentration of from about 0.05 grams per litre (g/l) up to saturation, 1 5 

(and which can be introduced as discussed for the second and third aspects), hydrogen ions preferably 
to provide a solution pH of about 1 .2 to about 2.5 which can be conveniently introduced by mineral 
acids such as sulphuric acid, nitric acid, or hydrochloric acid, an oxidizing agent of which hydrogen 
peroxide itself is preferred, preferably present in an amount of about 1 to about 20 g/l, a bath soluble and 

20 compatible organic carboxylic acid present in an amount effective to impart initial hardnes and clarity 20 
to the passivate film, the said organic acid having the structural formula: 

(OH) a R {COOH) 5 

Wherein: 

a is an integer from 0 to 6; 

25 b is an integer from 1 to 3; and 25 

Ft represents an alkyl, alkenyl, or aryl group containing from C 1 to C 6 carbon atoms; 
as well as the bath soluble and compatible salts thereof, and at least one additional metal ion 
selected from the group consisting of iron, cobalt, nickel, molybdenum, manganese, lanthanum, cerium 
and lanthanide mixtures, as well as mixtures thereof present in an amount effective to activate the bath 

30 and formation of a chromium passivate film of the desired appearance on the substrate treated 30 
desirably imparting initial hardness to the gelatinous chromate film. As mentioned for the earlier 
aspects of the invention the solution may further optionally contain halide ions for imparting additional 
hardness to the coating, as well as a wetting agent. In this fourth aspect of the invention whilst it is 
applicable, in the same way as the first aspect in the case of decorative zinc electroplatings, a further 

35 enhancement of the appearance of such substrates in addition to the corrosion resistance imparted is 35 
achieved by the passivate film which ranges from a clear bright to a light blue bright appearance 
simulating that of a chromium deposit or alternatively, a clear light-yellow appearance simulating that 
obtained by use of a prior art hexavalent chromium solutions. 

In addition, the bath further contains at least one additional metal* ion selected from the group 

40 consisting of iron, cobalt, nickel, molybdenum, manganese, lanthanum, lanthanide mixtures and 40 
cerium, as well as mixtures thereof. The foregoing metal ions or mixtures of metal ions are conveniently 
introduced into the bath by way of bath soluble and compatible metal salts including the sulphates, 
nitrates or halide salts, as discussed for the second and third embodiments and such materials as are 
discussed above for those aspects can be and desirably are used in this aspect of the invention. 

45 The concentration of the additional metal ions other than cerium ions for appropriate activation of 45 

the treating bath to produce a clear to blue-bright appearance is controlled to provide a concentration 
ranging from about 0.02 up to about 1 g/l with concentrations of from about 0.1 to about 0.2 g/l being 
preferred. While such metal ions can be used in concentrations above 1 g/l, such as, up to 10 g/l, the 
use of such higher concentrations even in the absence of cerium ions tends to produce dull films of a 

50 yellow tint rather than the desired clear or light-blue films. For this reason, such higher concentrations 5 0 
are undesirable from an appearance standpoint. 

A further essential constituent of the improved bath of the present invention comprises an ^ 
organic carboxylic acid or salt thereof of the structural formula as hereinbefore set forth present in an 
amount effective to impart increased clarity and initial hardness to the gelatinous chromate film 

55 deposited. The unexpected improvement in clarity of the film is particularly pronounced in connection 55 
with the light-yellow iridescent films produced from cerium ion containing solutions. The particular 
concentration or range of concentrations of the clarity/hardness agent will vary in proportion to 
molecular weight of the particular acid and/or metal salt employed with higher concentrations required 
for an equivalent effectiveness as the molecular weight of the additive agent increases. The particular 

60 concentration to achieve optimum clarification and hardness is also dictated to some extent by the 60 
concentration of the other metal ions present in the bath with higher concentrations being used as the 
metai ion concentrations increase. Generally, the organic carboxylic acid additive agent or metal salts 
thereof can be employed in amounts ranging from about 0.05 up to about 4.0 g/l with concentrations 
of about 0.1 to about 1 .0 g/l being usually preferred. 
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The additive can be introduced as the organic acid itself or as any bath soluble and compatible 
metal salt including the alkali metal salts, ammonium salts and salts of the several additional metal .ons 
in the bath. For economic reasons, the organic acid is usually introduced as an acid or as the sodium or 

potassium salt thereof. , . .. . . 

5 Within the scope of the structural formula as hereinabove set forth, organic carboxyhc acids 

which have been found particularly suitable include malonic, maleic, succinic, gluconic, .tartaric and 
citric acids of which succinic and or succinate salts have been found particularly effective. 

The operating bath in accordance with this fourth aspect of the invention can conveniently be 
prepared by employing a concentrate containing the active ingredients with the exception of the 
1 0 oxidizing agent and cerium ions, if used, which is adapted to be diluted with water to form a bath 
containing the constituents within the desired concentration range. Similarly, replenishment of the 
bath on a continuous or intermittant basis can be achieved employing a concentrate of the active 
constituents with the exception of the oxidizing agent and cerium ions, if used, which is added 
separately to the operating bath. Typically, a bath make-up concentrate can contain from at out 1 C to 
1 5 about 80 g/l chromium ions, from about 1 .0 to about 80 g/l of the organic carboxyhc acid and/or salt 
additive agent, from about 5 to about 50 g/l of at least one additional metal ion of the group consisting 
of iron, cobalt, nickel, molybdenum, manganese, lanthanum, lanthanide mixture or mixtures thereof, 
halide ions up to about 5 g/l if employed. Such a make-up concentrate is adapted to be diluted with 
about 98 volume percent water to produce an operating bath containing the active constituents within 
20 the ranges specified. The oxidizing agent such as hydrogen peroxide, for example, is separately 

introduced into the bath preferably in a form commercially available containing from about 35 to 40 
• percent by volume hydrogen peroxide. The cerium ions when employed, are preferably introduced in 
the form of an aqueous acid solution of cerous chloride or eerie sulphate having cerium ion 
concentration of from about 200 to about 320 g/l and about 60 to about 1 00 g/l respectively. Such 
25 cerium concentrates may be conveniently comprised of the commercially available materials 
hereinbefore described available from Molycorp, Inc. 

According to the fifth aspect of the present invention there is provided a treating solution which 
aims to reduce the severity of a problem of loss of oxidizing agent associated with prior art baths. Thus 
while improvements have been made in trivalent chromium passivate compositions and processes to 
30 produce commercially acceptable passivate films, a continuing problem associated with such operating 30 
baths has been the relatively rapid loss of the peroxide-type oxidizing agent, particularly hydrogen 
peroxide, which is present as a necessary bath constituent to achieve acceptable passivate films. Such 
prior art operating baths also undergo a relatively rapid rise in pH necessitating careful control and 
addition of acids to maintain the pH level within the optimum operating range. The progressive loss of 
35 the peroxide-type oxidizing agent, particularly hydrogen peroxide, is due in part to the presence of 
activating metal ions present in the solution as well as contaminating metal ions such as zinc or 
cadmium for example, introduced by dissolution of the metal from the substrates being treated which 
tend to catalyze a decomposition of the peroxide oxidizing agent. The progressive loss of the perowda- 
type oxidizing agents occurs not only during processing but also during standing of the bath govern ght 
40 and over weekends during plant shutdown. Typically, a fresh operating bath containing 3% by volume 
of a 35% solution of hydrogen peroxide on standing overnight will lose about 0.1% by > ,olum » P« hour 
of the hydrogen peroxide oxidizing agent while a used solution containing from about 2 to about l o 
grams per litre of contaminating zinc ions will experience a loss of hydrogen peroxide at a rate as great 
as about 0.4% by volume per hour. It will be apparent from the foregoing that careful monitoring of the 
45 operating bath composition and frequent replenishment of the peroxide oxidizing agent is required to 
maintain optimum bath efficiency which is not only costly but also time consuming. 

Thus this fifth aspect of the present invention aims to provide a treating solution and I process^ wh ch 
is effective to impart improved corrosion resistance to zinc, zinc alloy, cadmium and cadmium alloy as 
well as aluminium and magnesium surfaces and to impart a desirable surface finish which ca n ange 
50 from a clear bright to a light blue-bright to a yellow iridescent appearance, which produces a passivate 
film of improved corrosion resistance, hardness, durability, clarity and initial hardness which provides a 
treating solution that is stabilized against rapid loss of the peroxide oxidizing agent and against a rapid 
rise in pH, which process is simple to control and operate and which is of efficient and economical 

operation, , . • cc 

55 The benefits and advantages of the fifth aspect of the present invention are achieved in " 

accordance with the composition aspects thereof by providing an aqueous acidic treating solution 
containing as its essential constituents, chromium ions substantially all of which are present in the 
trivalent state preferably at a concentration of from about 0.05 grams per litre (g/l) up to saturation 
(and which can be introduced as discussed for the second to fourth aspects), hydrogen ions preferably 
60 to provide a solution pH of about 1 .2 to about 2.5 which can be conveniently introduced by mineral 
acids such as sulphuric acid, nitric acid, hydrochloric acid or the like, an oxidizing agent of which 
hydrogen peroxide itself is preferred, preferably present in an amount or about 1 to about 20 g/l, a 
stabilizing additive comprising a mixture of 1-hydroxyethylidene-1.1 diphosphon.c acid and citric acid 
and the bath compatible and soluble salts thereof present in an amount effective to reduce loss of the 
65 peroxide oxidizing agent and to stabilize the pH of the operating bath, and at least one additional metal 
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ion selected from the group consisting of iron, cobalt, nickel, molybdenum, manganese, aluminium, 
lanthanum, lanthanide mixtures, and cerium as well as mixtures thereof present in an amount effective 
to activate the bath and formation of a chromium passivate film of the desired appearance on the 
substrate treated. As mentioned for the earlier aspects of the invention the solution may optionally 
5 contain halide ions for imparting additional hardness to the coating, and optionally, a wetting agent. It 5 
may also incorporate a bath soluble and compatible silicate compound present in an amount effective 
to impart increased corrosion resistance and hardness to the passivate film e.g. in an amount of about 
0.01 to about 5 g/l calculated as Si0 2 as discussed in connection with the sixth aspect below. It may 
also incorporate a bath soluble compatible organic carboxylic acid present in an amount effective to 
1 0 further impart initial hardness and clarity to the passivate film as discussed in connection with the 1 0 

fourth aspect above. 

In this fifth aspect of the invention whilst it is applicable in the same way as the first aspect in the 
case of decorative zinc electroplatings, a further enhancement of the appearance of such substrates in 
addition to the corrosion resistance imparted is achieved by the passivate film which ranges from a 
1 5 clear bright to a light blue bright appearance simulating that of a chromium deposit or alternatively, a 15 
clear light-yellow appearance simulating that obtained by use of prior art hexavalent chromium 
solutions. 

A further essential constituent of the treating bath in accordance with the fifth aspect of the 
invention is the stabilizing agent comprising a mixture of 1 -hydroxy ethylidene-1 ,1 diphosphonic acid 

20 and citric acid as well as the bath soluble and compatible salts thereof. The combination of the 20 
diphosphonic and citric acid constituents appears to provide a synergistic action in not only reducing * 
the decomposition and rate of loss of the peroxide-type oxidizing agent but also in stabilizing the pH of 
the operating bath preventing a rapid rise as had heretofore been experienced in prior art-type trivalent 
chromium passivation treating solutions. Typically, the two stabilizing constituents are added in the 

25 acid form or as the alkali metal or ammonium salts thereof. A commercially available material suitable 25 
for use is sold under the brand name Dequest 2010 by Monsanto Chemical Company and comprises 1- 
hydroxy ethylidene-1 ,1 diphosphonate. 

The diphosphonic acid or diphosphonate constituent can be present in the operating bath in an 
amount of about 0.05 up to about 3 g/l with amounts of about 0.1 to about 0.5 g/l being preferred. The 

30 citric acid or citrate constituent can be present in the operating bath from about 0.1 to about 1 0 g/l -30 
with amounts of about 0.5 to about 1 .5 g/l being preferred. 

An optional but preferred constituent of the treating bath comprises a silicate compound present 
in an amount effective to provide an improved corrosion protection and hardness to the passivate film 
formed on the treated substrates. The silicates to be used and the amounts in which they should be 

35 used are discussed in more detail below in connection with the sixth aspect of the present invention. 35 
In addition, the bath further contains at least one additional metal ion selected from the group 
consisting of iron, cobalt, nickel, molybdenum, manganese, aluminium, lanthanum, lanthanide mixtures 
and cerium as well as mixtures thereof. The foregoing metal ions or mixtures of metal ions are 
conveniently introduced into the bath by way of bath soluble and compatible metal salts including the 

40 sulphates, nitrates, or halide salts, as discussed for the second to fourth aspects and such materials as 40 
are discussed above for those aspects can be and desirably are used in this aspect of the invention. 

The foregoing metal ions or combinations thereof with the exception of cerium ions are employed 
for producing a clear to a light-blue passivate film. When a light-yellow iridescent passivate film is 
desired, cerium ions are employed, preferably in combination with one or more of the other metal ions 

45 to produce a passivate film simulating in appearance the light yellow passivate films heretofore 45 
obtained employing hexavalent chromium passivating solutions which have been recognised and 
embodied is ASTM specifications in view of their characteristic colour and associated excellent 
corrosion resistance. The cerium ions can be introduced in the manner discussed above in connection 
with the first third and fourth aspects. 

50 The concentration of the additional metal ions other than cerium ions for appropriate activation of 50 

the treating bath to produce a clear to blue-bright appearance should be controlled in the manner 
discussed in connection with the fourth aspect of the invention. 

When the operating bath is to contain an organic carboxylic acid or salt thereof as discussed in 
connection with the fourth aspect of the present invention, the teaching there given should be 

55 followed. However, the presence of a silicate compound in the operating bath as discussed below in 55 
connection with the sixth aspect of the present invention has been found to also contribute to improved 
clarity of the.passivate film, and accordingly, the use of the organic carboxylic acid addition agent is 
usually unnecessary when a silicate compound is employed in the bath. 

The operating bath in accordance with this fifth aspect of the invention can conveniently be 

60 prepared by employing a concentrate containing the active constituents with the exception of the 60 
oxidizing agent and cerium ions, if used, which is adapted to be diluted with water to form a bath 
containing the constituents within the desired concentration range. Similarly, replenishment of the 
bath on a continuous or intermittent basis can be achieved employing a concentrate of the active 
constituents with the exception of the oxidizing agent and cerium ions; if used, which is added 

65 separately to the operating bath. Typically, a bath make-up concentrate can contain from about 1 0 to 65 
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u + cn n/i nf at least one additional metal ion of the 
about 80 g/i chromium ions, from aboui t ite ^^^^.uminlum. lanthanum .anthanide 
group consisting of iron. ^■^"^^^£^50^;^ about 5 to about 30 g/1 of a silicate 
mixture or mixtures thereof, halide ions up to aD .°""~ ' t in an amount up to about 5 g/l if 
^omSoundTused. calcu.ated as Si0 2 ; and a , suitab, » «rfac«nt ^ ^ gg ^ ^ water 

5 mpoyed. Such a make-up concentrate to be d, ^ ranges specified. The 

^produce an operating bath «nw ,n,n ? * V r ^^ e is separately introduced into the bath 
ox id zina agent such as hydrogen perox.de, ^e™™"^ a P bout 3 5 to 40 percent by volume 
SifwablY in a form commercially available corv a-™ 9 f £ m referably introduced in the form of an 

, 5 combination with an inorganic silicate ^^^J^JLt. Accordingly, such foregoing 
storage due to the high concentrat ion. and ac ld ' c c °™£ £ , to ide an operating bath 
concentrates are normally Concentrates of -"^""JJ^t. a as 
containing the active constituents in «e «™^ . orov jded by the use of organic silicates as 

r^» 

a==i^^^ 25 

10 diluted with water to the desired ™" ce " trat '°" ' a "?:„, „ employed. A particularly suitable 
30 aoded a.ona with ^J^^^^^^ m 220 "° m " 

=Srhir^ and c „r„e stahii*n 9 additive can - 

36 lp^.«Sre^^ 

5 pSosphonic/diphosphonate ' ^^^^SSio » » rov,de ** SSlrtS' 

P^a,:proces,ori V he^ 

5S ^'sSsuTeln^^ —-'V improv,n g ,h, corros.on protection 

>'°<Thtn' such an optional post passive*. ^^"JSSjSfr « 
following the passivation treatment is P^™^"*?!^,. solution from the surfaces thereor 
60 Seps usLiy a. room »-P"™" " h. pos sSe rinse solution in accordance wrth the 

whereafter the substrates are contacted witn me , of tne present invention. 
teacWnq given below in connection with the sev f ^^"l^r^s provided a treating solution wh.ch 
According to the sixth aspect of the present ^nvent.o n the ^ p vgted workpiec es during 

aims to reduced severity in trivalent chromium pass.vate 

65 subsequent processing. Thus while .mprovements 
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compositions and processes to produce commercially acceptable passivate films, such films as 
initially formed have been found in some instances to lack sufficient initial hardness to enable handling 
of the substrate through further work stages without encountering damage to the passivate film. 
Additionally, such trivalent chromium passivate compositions and processes have also been found in 
5 some instances to lack optimum corrosion resistance, hardness and durability and produce films which 5 
are somewhat cloudy and teck optimum clarity from an appearance standpoint. 

Thus this sixth aspect of the present invention aims to provide a treating solution and process 
which is effective to impart improved corrosion resistance to zinc, zinc alloy, cadmium and cadmium 
alloy, as well as aluminium and magnesium surfaces and to impart a desirable surface finish which can 

1 0 range from a clear bright to a light blue-bright to a yellow iridescent appearance, which produces a 1 0 

passivate film of improved corrosion resistance, hardness, durability, clarity and initial hardness, which 
process is simple to control and operate and which is of efficient and economical operation. 

The benefits and advantages of the sixth aspect of the present invention are achieved in 
accordance with the composition aspects thereof by providing an aqueous acidic treating solution 

1 5 containing as its essential constituents, chromium ions substantially all of which are present in the 1 5 

trivalent state preferably at a concentration of from about 0.05 grams per litre (g/l) up to saturation 
(and which can be introduced as discussed for the second to fifth aspects), hydrogen ions preferably to 
provide a solution pH of about 1.2 to about 2.5 which can be conveniently introduced by mineral acids 
such as sulphuric acid, nitric acid, or hydrochloric acid, an oxidizing agent of which hydrogen peroxide 

20 itself is preferred, preferably present in an amount of about 1 to about 20 g/l, a bath soluble and 20 
compatible silicate compound present in an amount effective to impart increased corrosion resistance , 
and hardness to the passivate film (preferably present in an amount of about 0.01 to about 5 g/l 
calculated as Si0 2 ), and at least one additional metal ion selected from the group consisting of iron, 
cobalt, nickel, molybdenum, manganese, aluminium, lanthanum, lanthanide mixtures and cerium, as 

25 well as mixtures thereof present in an amount effective to activate the bath and formation of a '25 
chromium passivate film of the desired appearance on the substrate treated. As mentioned for the 
earlier aspects of the invention, the solution may optionally contain halide ions for imparting 
additional hardness to the coating, and optionally a wetting agent. It may also incorporate a bath 
soluble compatible organic carboxyiic acid present in an amount effective to further impart initial 

30 hardness and clarity to the passivate film. 30 
In this sixth aspect of the invention whilst it is applicable in the same way as the first aspect in the 
case of decorative zinc electroplatings, a further enhancement of the appearance of such substrates in 
addition to the corrosion resistance imparted is achieved by the passivate film which ranges from a 
clear bright.to a light blue bright appearance simulating that of a chromium deposit or alternatively, a 

35 clear light-yellow appearance simulating that obtained by use of prior art hexavalent chromium 35 
solutions. - 

A further essential constituent of the treating bath in accordance with the sixth aspect of the 
invention is the silicate compound present in an amount effective to provide an improved corrosion 
protection and hardness to the passivate film formed on the treated substrate. The silicate compound 

40 may comprise a bath soluble and compatible inorganic or organic silicate compound as well as 40 
mixtures thereof which are preferably present in an amount of about 0.0 1 up to about 5 g/l calculated 
as Si0 2 with concentrations of about 0.1 ta about 0.5 g/l being preferred. When inorganic silicates are 
employed, concentrations above about 2 g/i in the operating bath are undesirable because of the 
tendency of the silicate to form fine flocculent precipitates with the metal ions present in the bath. 

45 under the acidic conditions present which contributes towards bath instability. Organic silicates, on the 45 
other hand, provide for improved bath stability and are preferred for the formation of make-up and 
replenishment concentrates because of the improved stability and prolonged shelf life. 

Inorganic silicates suitable for use in the practice of the present invention include alkali metal and 
ammonium silicates of which sodium silicate (Na 2 0 • xSi0 2 (x=2 — 4) and potassium silicate 

50 (K 2 0 ■ ySi0 2 (y=:3 — 5) are preferred for economic reasons. Organic silicates which can also be 50 
satisfactorily employed include quaternary ammonium silicates which include tetramethyl-ammonium 
silicate, phenyltrimethylammonium silicate, disilicate and trisiiicate, and benzyltrimethylammonium 
silicate and disilicate. Such silicates meeting the purposes of this invention may be expressed by the 
following general formula: 

55 ROR':xSi0 2 :yH 2 0 55 

Where R represents a quaternary ammonium radical substituted with four organic groups selected 
from the groups alkyl, alkylene, alkanol, aryl, arkylaryl or mixtures thereof,-R' represents either R or a 
hydrogen atom, x equals 1 to 3 and y equals 0 to 1 5. 

Such water soluble organic silicates including their synthesis and characterization are more fully 
60 described in the literature such as the article by Merrill and Spencer, "Some Quaternary Ammonium 60 
Silicates", published in the Journal of Physical and Colloid Chemistry, 55, 187(1951), the substance 
of which is incorporated herein by reference. Similar silicates including typical synthesis thereof are 
disclosed in United States Patent 3,993,548 to which reference is also made for further details. 
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* • „ ^ loact nnp additional metal ion selected from the group 
In addition, the bath further ^^J^^^SlMum. lanthanum, lanthanide mixtures 
consisting of iron, cobalt, nickel , j^^ES"^, ions or mixtures of metal ions are 
and cerium as well as »luble and compatible metal salts including the 

conveniently introduced into the bath °V w a J or oa and s(jch matenals as are 

5 sulphates, nitrates, halide salts, as discussed in J. aspe ct of the invention. 

discussed above for those aspects can I J« a " d f witn the exception of cerium ions are employed 

The foregoing metal ions or Mmbinat, °™™^™ a blight-yellow iridescent passivate film is 
for producing a clear to a light*-. ^^^SS^^o^ or more of the other meta. ions 
desired, cerium ions are emp oye d p re ?« ra °7 !" co ^ "L ,, nt yellow passivate films heretofore 

with the first, third, fourth and "Pert s. jons for appr0 p r iate activation of 

, 5 The concentration of *;«*^^^£? n nc* should be control.ed in the manner 

the treating bath to produce a clear to blue wign ™PJ invention. 

discussed in connection with the fourth and fifth "P^™ ™ , J. acid or salt thereo f as discussed ,n 
When the operating bath is to contain iyen snould be fo , lo wed. 

the fourth and fifth aspects of the present mven «J^««^ th t ™ ac 9 cordan ce with this sixth aspect 20 
20 The presence of the silicate ^°^^^Sute to improved clarity of the passivate 

of the invention has "nexp-ctsd'^ a P „ not essentia, when a 

^^^^^^^^ aspect of the invention thoU9h !t may 

. 25 deSi ^o P erating bath in accordance 

prepared by employing a concentrate conta "'^ tne tQ be diluted wit h water to form a bath 
oxidizing agent and cerium ions .f ^-^"^^Z range. Similarly, replenishment of the 
containing the constituents within the desired l° n ™™™™ mpl l y - mg a concentrate of the active 
bath on a continuous or intermittent : bas. i can be *™ e ™° *™* m ]J Sr if use d. which is added 30 
30 constituents with the can contain from about 10 to 

separately to the operating bath. Typically «^a* » P si|icate compound calculated as S,0 2 
about 80 g/l chromium ions from about 5 to > about jy » _ consisting of iron, cobalt 

from about 5 to about 50 g/l of at ^^^^^S^U^ mixture or mixtures thereof ha.ide 
nickel, molybdenum, manganese J I urn ^ tarti nan u t g . f emp| d . Stich a 35 

35 ions up to about 50 g/l and a suitable *™**** n *™ 98 volume percent water to produce an 

make-up concentrate is ^^?*J^^J^&^ specified. The oxidizing agent such 
operating bath containing the «^ into the bath preferably in a form 

as hydrogen peroxide for exa mple * separat^ shM no o vQtume nydrogen per0 x.de 

commercially available containing from ^""^bly introduced in the form of an aqueous acid «° 
40 The cerium ions, when emptoyod are preferab^ mtro jon of from about 200 to 

solution of cerous chloride or eerie sulphate ha^nfl «num o concen trates may be 

'cS »i^Sf S£ SSniSS;'— Aerials hereinbefore descHbed available from 

4S M ° ,yC T°h r ^going triva.ent chromium concentre ^^^^^ ^ 
and acid components has a tendency to form P™«P'^ Jungly, such foregoing concentrates are 
the high concentrations and acidic c ° ndl *° n ^^^ bath staining th * aC ™ e 

normally diluted with water discovered in accordance with this sixth 

constituents in the desired <?"~"^£^ improved stability and Prolonged 50 

50 aspect of the present invent.on ,tha ^^^^ silicates of the types heretofore se forth , .n 
shelf storage life can be provided by the use or ° r 9 d . „ nalide ions an d a wetting agent. Such 
combinatiln with the trivalent chromium ions and, optionally. n« chr0 mium ions, about 

^coventrates conveniently contain ^om ^ ^^ated as SiO, ha.ide Ion. up to 

5 up to about 50 g/l of an organ.c W**™**™™™ 5 g/l. Such stable concentrate is adapted to be 

55 about 50 g/l and a surfactant m an ^""l^S^he acid components, the additional metal 
used in conjunction with a ~£ 8 o g/l of the organic carboxyl c acid and/or salt 

ions in an amount of about 5 to *^A\00&.W* ° |s * optionally contain a portion or all of the 
additive agent if used. Such second concentrate can ais ^ h ium conce ntrat e . 
Sdes and wetting agents if not ^^^Ss^^ntrBXB. the organic „ 6 ° 
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suitable for make-up of the operating bath by dilution with water containing as its essential 
constituents trivalent chromium ions and an organic quaternary ammonium silicate which provides 
compatibility and storage stability over prolonged time periods. 

As discussed above for the first to fifth aspects the treating bath can be applied to the substrate 
5 in a variety of ways and the process conditions described for these aspects can and desirably should be 5 
used for this sixth aspect of the present invention. 

At the conclusion of the passivation treatment the substrate is extracted from the treating 
solution and is dried such as by warm circulating air. Ordinarily, such passivated substrates, particularly 
work pieces processed while supported on a work rack are characterized as having a uniform passivate 

1 0 film over the surfaces thereof requiring no further processing. In the case of small work pieces which 1 o 
are treated in bulk such as in a rotating processing barrel, some damage such as scratches can occur in 
the passivate film during treatment aYid is desirable in such instances to subject such work pieces to 
post silicate rinse treatment (as discussed below as the seventh aspect of the present invention) to seal 
any such surface imperfections thereby substantially improving the corrosion protection of the barrel- 

1 5 processed parts. 1 5 

When such an optional post passivation silicate rinse treatment is employed, the substrate 
following the passivation treatment is preferably subjected to at least one or a plurality of water rinse 
steps usually at room temperature to remove residual passivate solution from the surfaces thereof 
whereafter the substrates are contacted with the post silicate rinse solution in accordance with the 

20 teaching given below in connection with the seventh aspect of the present invention. 20 
According to the seventh aspect of the present invention there is proved a treating process which 
addresses the same problem as the sixth aspect of the present invention namely that of damage to the 
passivate of the passivated work pieces during subsequent processing. Thus while improvements have 
been made in trivalent chromium passivate compositions and processes to produce commercially 

25 acceptable passivate films, such films as initially formed have been found in some instances to lack 25 
sufficient initial hardness to enable handling of the substrate through further work stages without 
encountering damage to the passivate film. Additionally, such trivalent chromium passivate 
compositions and processes have also been found in some instances to lack optimum corrosion 
resistance, hardness and durability, and produce films which are somewhat cloudy and lack optimum 

30 clarity from an appearance standpoint. ' 30 

Thus the seventh aspect of the present invention aims to provide a process which is effective to 
impart improved corrosion resistance to zinc, zinc alloy, cadmium and cadmium alloy, as well as 
aluminium and magnesium surfaces and to impart a desirable surface finish which can range from a 
clear bright to a light blue-bright to a yellow iridescent appearance, which produces a passivate film of 

35 improved corrosion resistance, hardness, durability, clarity and initial hardness, which process is simple 35 
to control and operate and which is of efficient and economical operation. 

The benefits and advantages of the seventh aspect of the present invention are achieved by a 
process which provides an aqueous acidic treating solution containing as its essential constituents, 
chromium ions substantially all of which are present in the trivalent state preferably at a concentration 

40 of from about 0.05 grams per litre (g/l) up to saturation, (and which can be introduced as discussed for 40 
the second to sixth aspects) hydrogen ions preferably to provide a solution pH of about 1 .2 to about 2.5 
which can be conveniently introduced by mineral acids such as sulphuric acid, nitric acid, or 
hydrochloric acid, an oxidizing agent of which hydrogen peroxide itself is preferred, preferably present 
in an amount of about 1 to about 20 g/l, at least one additional metal ion selected from the group 

45 consisting of iron, cobalt, nickel, molybdenum, manganese, aluminium, lanthanum, lanthanide mixtures 45 
and cerium as well as mixtures thereof, contacting the substrate with the said aqueous acidic solution 
for a period of time sufficient to form a passivate film thereon, and contacting for a period of at least 
about one second the passivated substrate with a dilute aqueous rinse solution containing a bath 
soluble and compatible silicate compound present in an amount effective to impart improved corrosion 

50 resistance and hardness to the passivate film, and thereafter drying the passivated silicate rinsed 50 
substrate. 

The aqueous acidic solution may be as described in connection with any of the first to sixth 
foregoing aspects, and it may be used in the same way. 

Following the passivation treatment, the substrate is preferably subjected to one or a plurality of 
55 water rinse steps which may be at room temperature or at elevated temperatures whereafter the 55 
passivated substrate is contacted with a dilute aqueous silicate solution in the form of a final rinse step. 
The contact time of the passivated substrate with the silicate solution may range for a period of at least 
about one second up to about one minute or longer and the silicate solution may range in temperature 
from about 50° up to about 1 50°F (10° to 66°C). Following the silicate rinse step, the substrate is 
60 dried such as by circulating hot air, for example. 60 
The aqueous silicate rinse solution preferably contains as its essential constituent, a bath soluble 
and compatible inorganic or organic silicate compound as well as mixtures thereof present in an 
amount of about *1 to about 40 g/l, and preferably from about 5 to about 1 5 g/t (calculated as Si0 2 ). In 
organic silicates suitable for use in the practice of the present process include alkali metal and 
65 ammonium silicates of which sodium silicate (Na 2 0 • xSi0 2 (where x equals 2 to 4)) and potassium 65 



> -j t« Rtt are nreferred for economic reasons. Organic silicates 
silicate (K 2 0 • ySiO, (where y 3 » 5 » a ^3 ^ nary ammonium silicates which include 

which can also be sat.sfactonly em P ,0 1 ^ , " c '"J3S,,; m s jUcate, disilicate and trisilicate, and 
tetramethyiammonium silicate. Ph«"Vlwm^rnm^mm^ for ^ . p ^ pfesent inventl0n 

benzyltrimethylammonium silicate and dis.l.cate. Sucn 
1 *u« ^ii«* rt #iort npneral formula: 



have the following general formula: 
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mnnilim radica i substituted with four organic groups selected 
SETS KEK fS^ — — * and R' represents either R or 

f a r °h^ge 9 n atom, and x equals 1 « f^S^ 0 ^',,. and characterization are more fully 1 0 

1 0 Such water soluble organ.c »'« cat « ""^'I^, ™ d 1 Spencer. "Some Quaternary Ammonium 

° described in the literature such as the «^^SSSSS^, 55, 1 87 (1 951 ). the substance 
Silicates", published in the Journal of Physical and uo «a syn thesis thereof are 

of which is incorporated herein *g*^^£ h £%£ is also made for further detai.s. 
disclosed in United States Pat e . nt 2f j s fJS ga ni«= s'' licates < the siiicate HnSS 

soluble and compatible wetting agent fo ^J^S^h" si.icate rinse may also optionally include 20 
20 conventional amounts of about 0.05 up to a ° ou ^ g ^ b|e „„ e g . present in an amount of from about 1 
an emulsifiable organic ^^ nc \ au ^*3^ m ^tB^\B^intBfior surfaces of ferrous substrates 
up to about 50 g/l to provide an oily film ™J^™^«™ processing steps of the parts. When such 

S^IXT^ - ^ — Pl6 ' Z!nC ° aSt,n9S ' ^ ° f 25 

interior unplated surfaces is still «qu'™d J" se cases a ^ ^ 1 Q ^ m be d ^ 

ammonium nitrite such as sod.um "!^» '^T^r,,, is preferably used in conjunction with the 
in addition a wetting agent or «mbmrton of jvettmg ag P^ ^ Qf , n the final 3C 

30 sodium nitrite e.g. in the amounts of about U.us 10 

rinse is also compatible with this treatment- Qf specifJc embodime nts will 

The invention may be put into ^^to the accompanying examples. . 

be de £™,2 !' ■ ^*% n X » rt the invention which provides a chrom,um - ,,ke 3* 

35 passivate through using a bath *™^d MMrt of the invention which utilizes iron and cobalt as 

Examples 2.1 to 2.8 relate to J^JaXi ™ duce bright bluish Passivates 

the metallic activator and also ^corpora es tr,va.ent chr0 ^ v u ention P wnicn utilize s cerium as the metallic 

bUt *" timS 3iV6S ' Ye " OW PaSS,V3te * 

40 hexava,en^ 

Examples 5. 1 to 5.8 relate to the fifth Wet ot as shown in the 

acid and a particular phosphon.c acid to inhibit losa * 

Example 1.1 . ^ ootrate was orepared containing 1 2 g/l ammonium bifluoride, 

A chromium-free passivat.ng c °" ce ;" a n d 4.5% by volume of concentrated 

1 2 g/l ferrous ammonium sulphate. 80 ^^^^' a ^„\o which 2% by volume of the 
sulphuric acid. An operating bath ^^^^^ 5 volume percent hydrogen perox.de 
foregoing passivating concentrate wa tl d ^ of about 1 .5 to about 2.0. 
(38% concentration). The operating path had a nom a na. p« o wgter rjnsed gf?er tn 

Test panels carrying a bright el f ct ™P'"^ n b C / v X m e dilute nitric acid solution were .mmersed 
electroplating step and which were rinsed in a presence of mild agitation 

in the operating passivating bath for a P-jJ. 0 ^^^. test'panels after drying were visually 
Thereafter the test panels were water rinsed and air a 



45 



50 
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inspected and were characterized as having a uniform clear bluish passivating film on the surface 
thereof. The operating bath had a nominal pH of about 1 .5 to about 2.0. 

Example 1 .2 

In order to produce light yellow iridescent passivate film on zinc electroplated test panels, 
5 cerium ions were introduced in a test operating bath containing 2% by volume of the chromium-free 5 
passivating concentrate described in Example 1.1 2% by volume of a cerium sulphate concentrate 
comprising a 6% cerium sulphate (Ce{S0 4 ) 2 ) solution in a dilute sulphuric acid solution and 1 .5% by 
volume of a hydrogen peroxide concentrate (38%). The normal pH of the operating bath was about 1 .5 
to about 2.0. 

1 0 The zinc test panels after plating, water rinsing and a nitric acid dip were immersed in the test 1 0 

solution in the presence of mild agitation for a period of 45 seconds. The treated test panels were 
water rinsed and air dried. A visual inspection of the surface of the test panel revealed a substantially 
uniform light-yellow iridescent passivate film. 

Example 2.1 

15 An operating bath was prepared containing: 15 

Concentration 
Ingredient g/I 

Cr 2 (S0 4 ) 3 2~2 

NH 4 HF 2 .18 

20 H 2 S0 4 1.2 20 

H 2 0 2 5.3 

FeNH 4 S0 4 * 0.25 

CoS0 4 -7H 2 0 1.6 

♦Ferrous Ammonium Sulphate=Fe{S0 4 ) • (NH 4 ) 2 S0 4 • 5H 2 0 

25 Steel test panels were subjected to an alkaline, non-cyanide electroplating step to deposit a zinc 25 

plating thereon after which they were thoroughly water rinsed and immersed with agitation in the 
above operating bath for a period of 20 seconds. At the conclusion of the treatment, the passivated 
panels were warm water rinsed, and air dried. An inspection of the coating on the panels after drying 
revealed an exceptionally bright clear-bluish colouration with no haziness. Additionally, the coating 

30 exhibited the appearance of a bright nickel chromium electroplating and also exhibited excellent smear 30 
resistance on light finger-rubbing. 

Example 2.2 

An operating bath was prepared containing: 

Concentration, 

35 Ingredient g/I 35 



Cr 2 (S0 4 ) 3 5.6 

NH 4 HF 2 0.4 

H 2 S0 4 2.7 

H 2 0 2 5.3 

40 FeNH 4 S0 4 0.58 40 

CoS0 4 -7H 2 0 3.75 

The operating bath of Example 2.2 is similar to that of Example 2.1 with the exception that the 
trivalent chromium, ammonium bifluoride, sulphuric acid, iron and cobalt constituents are all at higher 
concentrations. Zinc plated test panels treated with the bath of Example 2.2 produced results 
45 substantially equivalent to those obtained with the operating bath of Example 2.1 . 45 

Example 2.3 

An operating bath was prepared containing: 

Concentration 
Ingredient g/I 



50 Cr 2 (S0 4 ) 3 3.0 50 



NH 4 HF 2 0.24 



H 2 S0 4 1.54 

H 2 0 2 5.3 

FeNH a S0 4 0.25 

55 NiNH^SO ♦ 2.1 55 



•Nickel Ammonium Sulphate — NiS0 4 • (NH 4 ) 2 S0 4 • 6H 2 0 



15 



that 1 .6 g/l of nickel sulphate was employed n place . «£M» & |e 2 ., employing the treating 
plated tel. panels treated in *. ™™°'"J£™?X ™°*<>t>>° » «»• °^'" ed " ith th9 * n " ,m " 

10 ^'s^P^ings^^ 

„S^-t?SSK'SS^i> a°e g.en ,n Ta.le , P„ow: 



10 



15 



Ingredient 



Table 1 m 15 

Concentration, g/l 

2.5A 2.5B 2.5C 2.5D 



~~ ~ o n 3 0 3.0 3.0 

™ 4 S Fa 1-54 1-54 1.54 1.54 

20 H 2 bu 4 . 5 3 5 3 5.3 5.3 

»«2» qo _ 0.25 0.25 0.25 
FeNH 4 S0 4 1 6 — 

CoS0 3 _ 21 

NiNH 4 S0 4 — 

• m .„„«• solution 2 5B additionally contains ferrous Zt> 

30 0 °s 1=* 2 psw^ ™° s ° ,ut, °" ls dssl9na,ed as 3 

"'^ioaiesetsorSineh^ 

35 thoroughly rinsed. Each set of zinc plated test pa ne 'J was wgter rjnsed air-dr.ed and 

solution for a period of twenty seconds whereafte they we e acc0 rdance with ASTM 

hereafteTaiiowed to age ™^^ n ^^^££ri*att for a total of forty-three 
standards. The test panels were 5 ^^Xlt!!et of zinc test panels without any pasa.vat.on 



40 



Example 



Table 1 

Neutral salt spray test results 

reS f Percent White Perce nt 

Panel Corrosion, % Red Rust % 



2.5F Untreated 50 Q 

— 10 — 15 u 



50% 



4E 



50 



51c 5C less than 2 0 

I » 4I-5T 

2.5E 3C 

Based on the foregoing tea, results « j. ,««-« ^nTilSfJ^^^ 

i'^a r ^sr*ir» » - 2 - 5c - d 250 oass ,he tes,: and 

test panel treated with solution 2.5 E is a fa.lure. 



16 
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Example 2.6 

An operating bath was prepared containing: 

Concentration, 
ingredient g/i 

5 Cr 2 (S0 4 ) 3 3.0 5 

NH 4 HF 2 0.24 

H 2 S0 4 1.54 

FeNH 4 S0 4 0.24 

- n H 2 0 2 5.3 

1U MnSO; - H 2 0 1.0 10 

Electroplated zinc test panels prepared in accordance with the procedure as set forth in Example 
2.5 were immersed in the bath of Example 2.6 for a period of 30 seconds, warm water rinsed, air dried 
and allowed to age 24 hours prior to 5 percent neutral salt spray testing. For comparative purposes 
zinc test panels were treated with the solutions 2.5A and 2.5E of Example 2.5 and subjected to the' 
15 same salt spray evaluation. 15 
After 48 hour salt spray, an inspection of the several test panels revealed that the panels treated 
with the solution of Example 2.6 had superior corrosion resistance to that of the panels treated with 
solutions 5A and 5E. 

Example 2.7 

20 An operating bath was prepared containing: 20 

Concentration, 
ingredient g/i 



25 



30 



35 



40 



Cr 2 (S0 4 ) 3 3.0 

-NH 4 HF 2 0.24 

H 2 S0 4 1.54 25 

FeNH 4 S0 4 0.24 

H 2 0 2 5.3 

H 2 Mo0 4 • H 2 0 1 ,0 

Eectroplated zinc test panels prepared in accordance with Example 2.5 were immersed in the bath 
ot txample 2.7 for a period of 30 seconds, warm water rinsed, air dried and allowed to age for 24 30 
hours pnor to 5 percent neutral salt spray testing. For comparative purposes, zinc test panels were 
treated with the solutions 2.5A and 2.5E of Example 2.5 and subjected to the same salt spray 
evaluation. 1 

After 48 hours of salt spray test, an inspection of the panels revealed that the panels treated with 

solutions °2 5A and^SE 2 * 7 ^ SUperf ° r corrosIon resistance to that of the test panels treated with 35 

Example 2.8 

An operating bath was prepared containing: 

Con centra tion, 

ingredient g/f 4q 



45 



Cr 2 (S0 4 ) 3 3.0 
NH 4 HF 2 0.24 
H 2 S0 4 1.54 
FeNH 4 S0 4 0.24 

H2O2 5.3 45 

(NH 4 ) 4 (NiMo0 24 H 6 ) 4 . 4H 2 0 - 1 .0 

Electroplated zinc test panels prepared in accordance with the procedure described in Example 
Z.5 were immersed in the bath of Example 2.8 for a period of 30 seconds, warm water rinsed, air dried 
and allowed to age for 24 hours prior to a 5 percent neutral salt spray test. For comparative purposes, 
3U zinc test panels were treated with the solutions 2.5A and 2.5E of Example 2.5 and subjected to the 50 
same salt spray evaluation. 

After 48 hours salt spray, an inspection of the panels revealed that the panels treated with the 
so ution of Example 2.8 had superior corrosion resistance in comparison to the panels treated with 
solutions 2.5A and 2.5E. 



10 



15 



A relative compariso^™ 
revealed that the solution of ^^"SV* ammonium 6-molybdonickelate possessed 
Example 2.8 containing ,ron ,on. m "^^^dwith the operating solution of Example 2.6 
superior corrosion resistance to the te * ™ jons The test panels treated in accordance with 

5 containing iron ions in' co^fmt^o^^^^^^ test panels treate d with the test 
Examples 2.7 and 2.8 also posse^d su^ rorrowon the 

10 Example 3.1 , „„_ nrl -j na an aaueous acidic solution containing 25 g/l 

A concentrate 3. 1 A was ' "^^SiS IKo^an MF from Allied Chemical 

trivalent chromium ions introduced as Minium sulphate and 4% by volume of 

Company), 1 2 g/l ammonium chloride, 1 / g/i rerrou 

concentrated sulphuric acid. 3 1 B was prepared containing 60 g/l tetravalent cerium 

1 5 A s^ond aqueous ac.d,c concentra« 3 y ^/ co P centrated su , phu ric acid. 

SSrsS^ ^r ating bath for 40 to 60 seconds had 9 20 

20 iridescent passivate films on the surfaces thereof. 

Example 3.2 c ; m ii ar m concentrate 1 A of Example 1 containing 25 g/l 

similar to Example 3.1 . 

Example 3.3 similar to concentrate 3.1 A of Example 3.1 except that 6% by 

30 ^^^^X^^-^^^ » by vo, U n,e concentrate^. 

An operating bath was PW«* J"™? ^ fi^Jg ^ volume of a 38% solution o hydrogen 

35 Example 3.1. 

Example 3.4 „ concen trate 3.2A of Example 3.2 except that 6% by 

A concentrate 3.4A was prepared '^''"^raulphuric acid. 

ZX£S2ZESZ.~ SES^ - - ratl " 9 ba,h produoed resul,s sim " ar to 



3C 



3 



peroxide. 
Example 3.1. 



Examples 3.5A to 3.5G M , utions were prepared each containing 1 g/l trivalent chromium 

A series of seven aqueous test so ' ut !5^, w ^ 0 ^ Deroxid e and having a nominal pH of about 
45 ions, 1 g/l nitric acid 1 g/l ofmSons ;^re made to evaluate the effect of such 

e s a o C n h Z£*™^f^™ reSiSt3nCe ° f ^^^^"SSSi for 

additions on xne ouiuu., — - test operating oatn in me w«<=— e CT m - 

50 rnanglnes^^^^^ 

dissolved in a dilute sulphuric acid solution J *° ™'V° a solution containing about 85 g/l 

molybdate dry salt; the lanthanum ions ™™"™£™£b£t sulphate. The test solutions are 

.anthanum ions; and the f^™^ n ^££££« *n additi ° nS ™ 

designated as Examples 3.5A to 3.b<o ana tne u 



Table 2. 



18 
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Mo +s 
1 0 La +3 



Table 2 
Metal ion concentration g/l 

Example 3.5A 3.5B 3.5C 3.5D 3,5E 3.5F 3.5G 

Metal ion 

Cr +3 • 1111111 

c © 2 2 2 2 2 2 2 

Mn +2 — 0.9 — 

Fe+ 1 — — 0.22 — — 0.08 0.08 



Co 



+2 



— » .1.0 — — 

— — 1.0 — 



0.13 



10 



Each test panel after immersion in the test operating bath was water rinsed and air dried and was 
visually inspected for colour and clarity. All of the test panels treated in solutions 3.5A to 3.5G were of 
a substantially uniform light-yellow colour varying in clarity from a clear yellow film to films which were 

1 5 slightly hazy or hazy as set forth in Table 3. Each test panel after air drying was immediately tested for 1 5 
hardness of the passivate film by a light finger rubbing. The comparative hardness test results of the 
passivate film on the test panels treated in test solutions 3.5A to 3.5G is set forth in Table 3. It will be 
noted, that after a 24 hour aging of the test panels, the passivate film thereon became hard and rub 
resistant. The advantage of a passivate film which is hard immediately after air drying is that it can be 

20 handled for further processing without undergoing damage to the deposited film. Each test panel 20 
treated with test operating solutions 3.5A to 3.5G was also subjected to a neutral salt spray for a period 
of 72 hours and the surface area, expressed in terms of a percentage, in which a white corrosion 
deposit was formed is also tabulated in Table 3. 



Table 3 

25 Test results 



Neutral Salt Spray 
72 Hrs.—% White 





Example 


Clarity 


Hardness 


Corrosion 




3.5A 


SI. haze 


Soft 


50 


30 


3.5B 


Si. haze 


Soft 


100 




3.5C 


SI. haze 


Hard 


10 




3.5D 


Haze 


Hard 


0 




3.5E 


SI. haze 


Soft 


100 




3.5F 


Clear 


Soft 


2 


35 


3.5G 


Clear 


Hard 


0 



25 



30 



35 



Based on the data as set forth in Table 2, from a clarity and hardness evaluation. Example 3.5G is 
a definite pass, Examples 3.5C and 3.5F are acceptable, which Examples 3.5A, 3.5B and 3.5E are less 
acceptable based on general appearance. From the standpoint of corrosion resistance, Examples 3.5D, 
3.5F and 3.5G are definite passes, 3.5C a marginal pass, while Examples 3.5A, 3.5B and 3.5E are 

40 considered not acceptable based on ASTM corrosion standard specifications for a 72 hour neutral salt 40 
spray evaluation. It should be pointed out, however, that each of the test samples possess improved 
corrosion resistance in comparison to an untreated electroplated zinc test panel and the passivate films 
which failed the 72 hour neutral salt spray test are nevertheless acceptable for less rigorous service 
exposures. The corrosion resistance provided by the Example 3.5G is substantially comparable to that 

45 attainable with conventional prior art hexavalent chromium passivate solutions of the types heretofore 45 
known. It will also be appreciated that variations in the types, combinations and concentrations of the 
metal ions contained in the test solutions can be made to optimize and improve the clarity, hardness 
and corrosion resistance of the test panels over the results as set forth in Table 3. The selection of a 72 
hour neutral salt spray condition is relatively severe and is generally employed for parts subjected to 

50 exterior exposure such as in automotive, components. The 72 hour neutral salt spray test is normally 50 
applied to yellow hexavalent chromium passivates although some specifications require only 48 hours 
while others require a 96 hour exposure. The 72 hour test period was, accordingly, selected as being of 
average severity. 

Examples 4.1 A to 4.1 G 

55 A series of trivalent chromium containing concentrates were prepared suitable for dilution with 55 

water to make up an operating bath in further combination with an oxidizing agent and cerium or 
lanthanum ions as follows: 



GB 2 



Concentrate 4.1 A 



Ingredient 



Concentration, 

gli 



'Cr +3 

CoS0 4 - 7H z O 

Ferrous ammonium sulphate 
Sodium fluoroborate 
Succinic acid 
Nitric acid (100%) 



Concentrate 4.1 B 



ingredient 



24 
25 
12 
15 
25 
60 



Concentration, 

gli 



Cr +3 
NaCI 

Ferrous ammonium sulphate 
Sodium succinate 
Nitric acid (100%) 



Concentrate 4.1 C 



ingredient 



24 
20 
25 
55 
60 



Concentration, 
9/1 



Cr* 3 

Ferric ammonium sulphate 
Sodium succinate 
NaCI 

Nitric Acid (100%) 



Concentrate 4.1 D 



ingredient 



24 
50 
55 
20 
60 



Concentration, 
9/1 



Cr +3 

Ferric ammonium sulphate 

Succinic acid 

NaCI 

Nitric acid (100%) 



Concentrate 4.1 E 



ingredient 



24 
50 
25 
20 
60 



Concentration, 

g/i 



Cr* 3 

Ferric ammonium sulphate 
NaCI 

Malonic acid 
Nitric acid (100%) 



Concentrate 4.1 F 



ingredient 



24 
50 
20 
25 
60 



Concentration, 

gtt 



Cr +3 

Fe 2 (S0 4 ) 3 
NaCI 

Gluconic acid 
Nitric acid (100%) 



24 
30 
20 
20 
60 



20 



GB 2 097 024 A 



20 



Concentrate 4.1 G 



ingredient 



Concentration, 

g/i 



Cr +3 

Ferric ammonium sulphate 
NaCi 

Maleic acid 
Nitric acid (100%) 



24 
50 
20 
25 
60 



Examples 4.2A to 4.2G 

1 0 A cerium ion concentrate was provided containing about 80 g/i eerie ions in the form of eerie 

sulphate in a dilute sulphuric acid solution. An oxidizing agent concentrate was also provided 
containing about 35% hydrogen peroxide. A series of operating baths were prepared suitable for 
forming a yellow passivate film on a substrate each containing 2% by volume of the cerium ion 
concentrate, 2% by volume of the oxidizing agent concentrate, and 2% by volume of one of the 

15 chromium concentrates 4.1 A to 4.1 G of Examples 4.1 A to 4.1 G. 

Steel test panels were subjected to an alkaline, non-cyanide electrplating step to deposit a zinc 
plating thereon after which they were thoroughly water rinsed and immersed with agitation in each of 
the test operating baths for a period of about 30 seconds maintained at a temperature of about 70° F 
{2 1 °C) and having a pH ranging from about 1 .5 to about 2.0. At the conclusion of the passivation 

20 treatment, the passivated panels were warm water rinsed and air dried. An inspection of the coating on 
each of the test panels which had been immersed in each of the operating test solutions revealed the 
formation of a clear hard yellow passivate film. 

Examples 4.3A to 4.3G 

A lanthanum ion concentrate was provided containing about 60 g/l lanthanum ions in the form of 

25 a solution of lanthanum chloride. An oxidizing agent concentrate was also provided containing about 
35% hydrogen peroxide. A series of operating baths were prepared suitable for forming a blue-bright 
passivate film on a substrate each containing 2% by volume of the lanthanum ion concentrate, 2% by 
volume of the oxidizing agent concentrate, and 2% by volume of one of the chromium concentrates 
4.1Ato 4.1G of Example 4.1. 

30 Zinc plated test panels as described in Example 4.2 were immersed under the conditions 

described in Example 4.2 whereafter they were warm water rinsed and air dried. An inspection of the 
coating on each of the test panels after drying revealed an exceptionally bright, clear, hard bluish 
coloured passivate film. 

The yellow passivated panels of Examples 4.2A, 4.2B and 4.2C produced using operating baths 
35 containing, respectively, concentrates 4.1 A, 4.1 B and 4.1 C as hereinabove described were aged for at 
least 24 hours and subjected to neutral salt spray corrosion testing according to ASTM procedure B- 
1 1 7. The following Table 4 indicates the corrosion resistance results that were obtained using these 
formulations: 

Table 4 

40 Chromium Hours Neutrai Sait Spray 

Exampie Concentrate 72 36 



45 



4.2A 



4.2 B 



4.2C 



4.1A 



4.1 B 



4.1C 



Clear with 


Clear with 


some dark 


some dark 


spots. 


spots. 


Clear with 


Clear with 


some dark 


some dark 


spots. 


spots. 


Clear with 


Some dark 


some dark 


spots — 1 % 


spots. 


white spots. 



50 

The above results show that panels treated with operating baths containing concentrates A, B, 
and C passed the 96 hour salt spray test. Similar results were obtained with panels produced using the 
other concentrates. 

Example 5.1 

55 An operating bath suitable for depositing a yellow passivate film on a receptive substrate was 

provided by forming a trivalent chromium containing concentrate designated as "Concentrate 5.1 A" 
having a composition as follows: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Ingredient 



Concentrate 5.1 A 

Concentration, 

gli 



Ferric ammonium sulphate 

Sodium chloride _ 

Nitric acid (100%) 

Succinic acid 



10 



15 



20 



25 



25 



The trivalent chromium ions were ,n *^V.^ n " 1 B" was provided containing about 80 1 0 

A cerium ion concentrate designated as <^"^™ 5%) su | pnuric acid solution. An oxidizing 

g/, eerie ions in the form of « ric ""f^^^ peroxide. A sodium silicate 

agent concentrate was also prov.ded conta^ 

concentrate was also provided ^Tl^Zfo^d comprising water containing 2% by volume of 

A yellow passivate operating bath was P re P™ I i B 2% by volume of the oxidtz.ng 1 5 

Concentrate 5.1 A, 2% by volume of *. ^^S^oSi^tt. 

agent concentrate and 0.4% *™to™*^ a S?™w*ride electroplating step to deposit a 

Steel test panels were subjected to a " a,kal,n ®: ^"L" aad and immersed with agitation in the 
zinc pFX *l!on after which *-Y y^^^t a ^P^S. of about TO-F (21 -O and 

?ra^n«^ 

opiating bath and were dried with ^f^'^fn^ected and were observed to have a very hard clear 

ye.low^as^^ 

ShT^ 
than 96 hours. 

Example 5.2 . ^„«; t inn a vellow passivate film on a receptive substrate was 

30 having a composition as follows: Concen trate 5.2A 

Concentration, 

ingredient ^ 

35 Ferric ammonium sulphate 

Sodium chloride Rn 
Nitric acid (100%) °Jj 
Sodium silicate 

(calculated as Si0 2 ) f 4C 

in the operating bath for a period of about 30 "conds at a te p ^ ^ recirculating warm a ,r 
45 P H ranging from about 1 .5 to about 2.0. The "f 3 *? ' 1 c , ear ve |low passivate film. The test panels 
45 and the dried panels were <^^»*™™y£^*&„ described in Example 5.1 and were 

after aging were subjected to < >™^f^*£Z?«*o*>r* for a period of more than 96 hours. 

observed to possess b*v,=„ *H ,a ? 



30 



4! 



50 



55 



having a composition as follows: Conce ntrate 5.3A 



Concentration, 
ingredient 



50 



Ferric ammonium sulphate gQ 
Nitric acid (100%) 2Q 
Sodium chloride 



22 
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An operating bath was prepared comprising water containing 2% by volume of Concentrate 5.3A, 
2% by volume of the cerium ion containing Concentrate 5.1 B of Example 5.1 , 2% by volume of the 
oxidizing agent concentrate of Example 5.1, and 0.5% by volume of the sodium silicate concentrate of 
Example 5.1 . 

5 Electroplated zinc test panels were treated in the operating bath in accordance with the 5 

procedure as described in Example 5.1 and after drying, were observed to have a good clear yellow 
passivate film. 

The test panels also possessed good salt spray resistance evidencing excellent corrosion 
protection. 

10 Example 5.4 10 
An operating bath suitable for depositing a yellow passivate film on a receptive substrate was 
provided by forming a trivalent chromium containing concentrate incorporating a quaternary amine 
silicate designated as "Concentrate 5.4A" having a composition as follows; 

Concentrate 5.4A 

15 Concentration, 1 5 

Ingredient g/l 



25 



Cr +3 30 
Quaternary amine silicate* 1 5 

Sodium chloride 1 5 



20 *Quaram 220, calculated as Si0 2 . 20 

The trivalent chromium containing Concentrate 5.4A was subjected to prolonged storage and 
was observed to possess excellent stability over prolonged storage times. 

In addition, a second concentrate designated as "Concentrate 5.4B" was prepared having a 
composition as follows: 



Concentrate 5.4B 25 

Concentration, 
Ingredient g/f 



Nitric acid (100%) 60 

Sulphuric acid (100%) 30 

30 Ferric sulphate 25 30 

Cerium chloride 1 20 

An operating bath was prepared comprising water containing 2% by volume of Concentrate 5.4A, 
2% by volume of Concentrate 5.4B and 2% by volume of the oxidizing agent concentrate as described 
in Example 5.1. 

35 Zinc plating test panels were contacted with the operating bath in accordance with the procedure 35 

and under the conditions as described in Example 5.1 whereafter the test panels were dried with 
recirculating warm air. The test panels were observed to have ah excellent hard and clear yellow 
passivate film and possess excellent salt spray resistance showing zero white corrosion formation after 
exposure to a neutral salt spray test for a period of 96 hours. 

40 Example 5.5 40 

A second series of electroplated zinc test panels were treated with the operating bath as 
previously described in Example 5.4 under the same conditions whereafter the test panels were water 
rinsed and thereafter post-rinsed for a period of 30 seconds in an aqueous solution at room 
temperature containing 1 0 g/l sodium silicate calculated as Si0 2 . The panels after the post rinse were 
45 extracted and dried with warm air. 45 

The test panels were inspected and observed to possess a very hard clear yellow passivate film. 
After aging, the test panels were subjected to a neutral salt spray corrosion test and exhibited excellent 
salt spray resistance after exposure of 96 to 1 40 hours. These tests also showed that when a post 
silicate rinse treatment is employed, the presence of some nitrate ions in the passivate operating bath 
50 is desirable to avoid the formation of some haze, in some instances, in the passivate film as a result of 50 
the post dip operation. 

Example 5.6 

An operating bath suitable for depositing a blue-bright passivate film on a receptive substrate 
was provided by forming a concentrate designated as "Concentrate 5.6A" having a composition as 
55 follows: 56 
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Ingredient 



Concentrate 5.6A 

Concentration, 

a!' 



Nitric acid (100%) ^0 

Sulphuric acid (100%) *Jj 
Succinic acid 

La-RE-CI, 80 



procedure as previously described in Examp 'e 5.1 anaine j h sed exce llent corrosion 

! 5 corrosion test for a period of from 48 up to 72 hours. 

Examples 5.7.1 and 5.7.2 ^„„ an tr a tP was Dreoared designated as "Concentrate 5.7A" 

A trivalent chromium containing concentrate was prepareu u* y 

having a composition as follows: 

Concentrate 5.7A 

Concentration, 

20 ingredient 



Sodium chloride 
Sodium silicate 



25 (calculated as Si0 2 ) 

An operating bath (Example 5.7.1 > suitable for *^^^2%TvS^cJ 
substrate was prepared by employing 2% by volume o J^SS ."im «nc^t. of Example 5.1 . 
Concentrate 5.4B of Example 5.4 and 2% ;° lum |°I depositing a blue-bright passivate 

excellenfpassivate films and exhibited excellent corrosion protects. 

Example 5.8 „„:♦:„„ =, talue-briaht D assivate film on a receptive substrate 

5.8A" having a composition as follows: 

Concentrate 5.8A 

Concentration, 

40 Ingredient ^ g/7 



^ r 13 
Sodium chloride 

Q.-w-i:::rr*. Gluconate 



Quaternary amine silicate 

45 -Quaram 220, calculated as SiO z 

a -mnrpntrate 5 8B" was provided having a composition as 
A second concentrate designated as Concentrate &.hb was p 

follows: Concentrate 5.8B 

Concentration, 

g/i 



50 



Ingredient 



Nitric acid (100%) *° 

Sulphuric acid (100%) 

AI 2 (S0 4 ) 3 



24 
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An operating bath was prepared comprising water containing 3% by volume of Concentrate 5.8A, 
3% by volume of Concentrate 5.8B and 3% by volume of the oxidizing agent concentrate of Example 
5.1. 

Electroplated zinc test panels were treated in accordance with the procedure described in 
5 Example 5.1 and after drying were observed to have a clear bright passivate film. Testing of such 5 
panels in neutral salt spray corrosion tests evidenced a corrosion resistance of at least 1 2 
up to 24 hours. 

Example 6.1 

An operating bath suitable for depositing a yellow passivate film on a receptive substrate was 
1 0 provided by forming a trivalent chromium concentrate designated as "Concentrate 6.1 A" having a 1 0 

composition as follows: 

Concentrate 6.1 A 

Concentration, 
Ingredient g/l 



15 Cr +3 30 15 

Quaternary ammonium silicate 15 
NaCI 15 

The trivalent chromium ions were introduced as Cr^SOJa while the silicate compound was 
introduced as Quram 220 from Emergy Industries. 
20 A cerium ion concentrate designated as "Concentrate 6.1 B" was provided having a composition 20 

as follows: 

Concentrate 6.1 B 

Concentration, 
ingredient g/i 



25 HNO 3 (100%) 60 25 

H 2 SO 4 (100%) 30 

Fe 2 (S0 4 ) 3 25 

Ce +3 1 20 

The cerium ions were introduced by way of a cerium chloride solution containing about 300 g/i 
30 Ce +3 ions. 30 
In addition, an oxidizing agent concentrate was provided containing about 35% hydrogen 
peroxide. 

A series of one litre operating baths were prepared comprising 3% by volume Concentrate 6.1 A, 
3% by volume Concentrate 6.1 B and 3% by volume of the oxidizing agent concentrate. In order to 
35 simulate an aged operating bath used for passivation of zinc workpieces, 1 g/l of zinc dust was 35 
dissolved in each test solution. 

* One such test solution without further additions was designated as test solution 6.1 .1 and served 
as the control sample. To a second test solution designated as 6. 1 .2, 1 g/l of citric acid and 0.4 g/l of 1 - 
hydroxy ethylidene-1 ,1 diphosphonate (Dequest 201 0) was added as a stabilizing agent. To a third test 
40 solution designated as 6.1.3, 1 g/l of citric acid and 0.08 g/l of 1 -hydroxy ethylidene-1 ,1 40 
diphosphonate (Dequest 20 1 0) was added. 

Each test solution was subjected to agitation at room temperature to simulate typical commercial 
practice. The pH at start and finish and the peroxide concentration measured in terms of volume 
percent of 35% hydrogen peroxide concentrate remaining in the bath was analyzed over a one-day 
45 period. The results are as follows: 45 

Hydrogen peroxide concentration and pH 
Test sample 

Example 6.1.1 6.1.2 6.1.3 





Time 


H 2 0 2 




H 2 0 2 


pH 


H 2 0 2 


pH 




50 


Start 


2.56% 


1.6 


2.95% 


1.6 


3.05% 


1.4 


50 




After 3.5 
hours 


2.39% 




2.92% 




2.84% 








After 21 
hours 


0.83% 




1.72% 




2.37 


1.7 




55 


After 26 
hours 


0.50% 


2.5 


1.42% 


1.8 






55 
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* ^ Q it i* anoarent that control sample 6.1 .1 devoid 
From the results as set forth in the should be present at a 

of any stabilizing agent rapidly lost the ^^^^""■'Siv.tlon treatment. An almost complete 
concentration of at least 2% by volume to ma nta.n proper p necessary after a pence I of 

Senishment of the oxidizing agent in ^^^^mZs of peroxide after 2 1 hours while 5 

5 STout on'e day. In contrast J**' f of «™ ™* 

sample 6.1 .2 conta.n.ng.a lesser quanwy or u « i cQntrol sgmple 6 ^ ^ . 

exhibited a surprising super.or.ty m P e .^°™ D 'S^ d8ta 8et forth in the forego.ng table. Control 

The stabilization of pH is also evident ^"** d w g ch would have necessitated the addition of 
sample 6.1 .1 rose to a P H level of 2.5 after 26 Mnours whic wo operating ra nge of 1 .5 to 2.0. On the 10 
1 o 5S* the operating bath to mainta.n the ^^fc^r* remained within opt.mum pH 
other hand, both samples 6.1 .2 ana o. -o 
range over the test duration. 

^A^ueou^ 15 
, 5 hydroxy ethy.idene-1 ^os^e te ^X^cS^S^ SAA. & by "'"^^ 
described in Example 6.1 conta ™ 9 ~* ™ d 1 ^ zinc dust for aging the baths. A ^control 

r i B 3% bv volume of the oxidizing concentr ate j ana * per oxide concentration of 3/4. dux 

-=£b^ 

peroxide concentration of 3% and after a penoa o 



2.43 percent. 



25 T.E» «— - -Nc^^rff^lS!!!^^^ 

of the stabilizer .concenW free, ^ ^ ^ 



30 



35 



40 



40 



45 



ASTM Procedure B-1 1 7. The .xcetenr «™™£ 98 hours sa „ spray testmg. 
by the absence of white corrosion on the parts aner 

S0 ■""IS stabilization or a commercial opsrating bat, ,of ■, J^-^'S^.SSSS 

55 diphosphonate in an amount £f b ^ obtained are similar to those as described 

acid constituent of about 0.1 to about ivjy/ 

Example 6.3. 

60 provided by forming a concentrate designated as w 
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Concentrate 6.5A 

Concentration, 
Ingredient g/l 



26 



35 



- HN0 3 (100%) 60 

5 H 2 SO 4 (100%) 30 5 

Fe 2 (S0 4 ) 3 25 

FeCI 3 5 

Diphosphonate* 8.5 

Citric acid 36 

10 Ce +3 120 10 

*Dequest2010 

An operating bath was prepared comprising 3% by volume of the chromium ion concentrate 6.1 A 
of Example 6.1 , 3% by volume of concentrate 6.5A and 3% by volume of the oxidizing agent 
concentrate containing about 35% hydrogen peroxide. 

15 Steel test panels were subjected to an alkaline non-cyanide electroplating step to deposit a zinc 1 5 

plating thereon after which they were thoroughly water rinsed and immersed with agitation in the 
passivate operating bath for a period of about 30 seconds at a temperature of about 70°F (21 °C) and 
at a pH ranging from about 1 .5 to about 2.0. The test panels were thereafter extracted from the 
operating bath and were dried with recirculating warm air. 

20 The test panels after drying were visually inspected and were observed to have a uniform clear 20 

yellow passivate film thereover. The small addition of ferric chloride to the operating bath provides an 
improvement in the colour intensity of the yellow passivate film in comparison to that obtained 
employing the passivate operating bath of Example 6.1 . 

The test panels after aging were subjected to a neutral salt spray test in accordance with the 

25 procedure described in Example 6.3 and similar results were obtained. 25 

Example 7.1 

An operating bath suitable for depositing a yellow passivate film on a receptive substrate was 
made up as follows: A trivalent chromium containing concentrate designated as "Concentrate 7.1 A" 
having a composition was first made up as follows: 



30 Concentrate 7.1 A 

Con centra tion, 
ingredient g/l 



Cr +3 25 

Ferric ammonium sulphate 30 

Sodium chloride 20 

Nitric acid (100%) 60 

Succinic acid 20 



30 



35 



40 



45 



A cerium ion concentrate 7.1 B was provided containing about 80 g/l eerie ions in the form of 
.cenc^syJBbatein a .dil ute (a bout 5%) sulphuric acid solution. An oxidizing agent concentrate was also 
40 provided containing about 35% hydrogen peroxide. 

A yellowpassivate oper ating bath was prepared comprising water containing/2% by volume of 
Concentrate^. 1 A .2% by voTume of trie cerium ton concentrate 7.1 B and 2% by volur?re" uf me ox idizing 
agent concentrate 7. 1 C. 

An aqueous silicate rinse solution was provided containing 1 0 g/l sodium silicate calculated as 

45 Si0 2 . 

Steel tests panels were subjected to an alkaline, non-cyanide electroplating step to deposit a zinc 
plating thereon after which they were thoroughly water rinsed and immersed with agitation in the 
passivate operating bath for a period of about 30 seconds at a temperature of about 70° F (21 °C) and 
at a pH ranging from about 1.5 to about 2.0. The test panels were extracted from the operating bath, 

50 subjected to a tap water rinse and were thereafter contacted with the silicate rinse solution for about 50 
oO seconds at a temperature of about 70° F (21 °C). The silicate rinsed test panels were thereafter 
extracted from the rinse solution and were dried with recirculating warm air. 

The test panels after drying were visually inspected and were observed to have a very hard clear 
yellow passivate film. The test panels after aging for at least 24 hours, were subjected to a neutral salt 

55 spray corrosion test according to ASTM Procedure B-1 1 7. The test panels treated in accordance with 55 
the present process exhibited excellent salt spray resistance after exposure for a period of more than 
96 hours. 
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WJ ^rr^^ 

la nthanum ions as follows: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Concentrate 7. 2 A 



Ingredient 



Concentration, 
9/1 



Cr +3 

CoSO d -7H 2 0 

Ferrous ammonium sulphate 
Sodium fluoroborate 
Succinic acid 
Nitric acid (100%) 



Concentrate 7.2B 



Ingredient 



24 
25 
12 
15 
25 
60 



Concentration, 
9/1 



Cr +3 
NaCI 

Ferrous ammonium sulphate 
Sodium succinate 
Nitric acid (100%) 



Concentrate 7.2C 



Ingredient 



24 
20 
25 
55 
60 



Concentration, 
9/1 



cr 3 

Ferric ammonium sulphate 
Sodium succinate 
NaCI 

Nitric acid (100%) 



Concentrate 7. 2D 



Ingredient 



24 
50 
55 
20 
60 



Concentration, 
9/1 



Cr +3 

Ferric ammonium sulphate 

Succinic acid 

NaCI 

Nitric acid (100%) 



/ Concentrate 7.2E 



Ingredient ' 



24 
50 
25 
20 
60 



Concentration, 
9/1 



Cr 



Ferric ammonium sulphate 



NaCI 
Malonic acid 
Nitric acid (100%) 



Concentrate 7.2F 



Ingredient 



24 
50 

on 

25 
60 



Concentration. 

9/1 



cr 3 

Fe 2 (S0 4 ) 3 
NaCI 

Gluconic acid 
Nitric acid (100%) 



24 
30 
20 
20 
60 
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Concentrate 7.2G 

ingredient Concentration, 



Cr 



.+3 



Ferric ammonium sulphate =o 
NaCI 50 
Maleic acid 20 

Nitric acid (100%) fjj 

oO 



contam.ng about 35% hydrogen peroSda A ^erta of oJET '^T 16 Was also P™ 1 ^ / , 0 

prepared suitable for forming a yellow issivate film nn ! L" 9 baths (Exam P'*s 7.2. 1 to 7.2.7) were 
the cerium ion concentrate. 2% bv voTumfnf 3 sufastrate e «h containing 2% by volume of 

of the chronnium conc.^tf^^ Q rf ^^ agent concentrate, and fft by ^me^f one 

3l % ' U h^ ' 1S 

20 c°h n ro° nCentrate ' 2% by VO,ume <* th.^^S^?™S2 ,n,n 2 ?5 ' y V °' Ume of the 'anthanum 
20 chromium concentrates 7.2A to 7.2G resplctfvely COncentrate ' a nd 2% by volume of one of the 

operatiKSSpS ^ZVfi^Z^" - through each of the 2 ° 

the passivated paneis were aS/^^^Vifi^^'SSS?™*" in 7A hereafter 

nnse so ut,on in which the silicate con«mi^w^Sm^ W A mp, ^ nB aqueous si,icat * 
Si0 2 at temperatures ranninn <v — =o Q vaned from about 1 to about AO n/i 



? = c !n w.. me amcate concentrat on was varieH f mm „u ^ . Q Hueous silicate 

2Sdfn? mp K eratures ran 9i"S from 50- to 1 5 o" F 7 1 0« 'to 66?^ 1 !° about 40 ^ calculated as 
dried and subjected to a neutral salt spray corrosion tJ?* l 1 .T he J P ane,s were subsequently air 
tnose reported for Example 7. 1 were obtained ascribed in Example 7. 1 . Similar results to 

Examples 7.3.1 to 7.3.6 

A series of operating baths was prepared as follows: 



30 



25 



Operating bath 7. 3 A 

Concentration, ^° 

gli 



Ingredient 



Cr 2 (S0 4 ) 3 , 2 

35 NH 4 HF 2 7| 

H 2 S0 4 j 7 f 



H 2 0 2 35 
FeNH 4 S0 4 * 0 25 

CoS0 4 -7H a 0 16 



•Ferrous Ammoni 



40 



um Sulphate=Fe(S0 4 ) • (NH 4 ) 2 S0 4 ■ 6H 2 0 
Opera 
Ingredient 



Operating bath 7.3B 

Concentration. 40 

all 



Cr 2 (S0 4 ) 3 5 Q 

45 NH 4 HF 2 11 

H 2 S0 4 J' 4 

H 2 0 2 I'l 45 

FeNH 4 SQ 4 S.S8 



CoS0 4 - 7H 2 0 3 ; 



75 
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Operating bath 7. 3C 

Concentration, 

Ingredient 



Cr 2 (SOJ 3 
NH 4 HF 2 
H 2 S0 4 
H 2 0 2 

FeNH 4 S0 4 
NiNH 4 S0 4 * 



3.0 

0.24 

1.54 

5.3 

0.25 

2.1 



10 



•Nickel Ammonium Su.phate-NiSO, • <NH 4 ) 2 S0 4 • 6H 2 0 



Operating bath 7. 3D 

F Concentration, 

Ingredient 9 ^ 



15 



Cr 2 (S0 4 ) 3 

NH 4 HF 2 

H 2 S0 4 

FeNH 4 S0 4 

H 2 0 2 

MnS0 4 • H 2 0 



3.0 

0.24 

1.54 

0.24 

5.3 

1.0 



20 



Operating bath 7. 3E 

Concentration, 

Ingredient 9 ^ 



25 



Cr 2 (S0 4 ) 3 
NH 4 HF 2 
H 2 S0 4 
FeNH 4 S0 4 

l 2 0 2 

H 2 Mo0 4 • H 2 0 



H 



3.0 

0.24 

1.54 

0.24 

5.3 

1.0 



30 



Operating bath 7.3F 

H Concentration, 

Ingredient 9 ^ 



35 



40 



3.0 
0.24 
1.54 
0.24 
5.3 
1.0 



45 



50 



55 



Cr 2 (S0 4 ) 3 
NH 4 HF 2 
H 2 S0 4 
FeNH 4 S0 4 

rNH 4 2 ) 4 (NiMoO 24 H a ) 4 -4H 2 0 - re processed through 

Z , ncplated test panels ^ 

passi ^^^ . . ianthanum 

thereon comprising 

A) an acid, 

B) an oxidizing agent, and 
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C) iron and cobalt ions present in an amount effective to impart increased corrosion resistance to 

the treated substrate. 
3. An aqueous solution as claimed in Claim 1 or claim 2 also comprising 

D) chromium ions substantially all of which are in the trivalent state. 

5 4. An aqueous acidic-solution for treating receptive metal substrates to impart a chromate 5 

passivate film thereon comprising 

A) an acid, 

B) an oxidizing agent, 

C) iron ions in combination with at least one additional metal ion selected from the group 

1 0 consisting of cobalt, nickel, molybdenum, manganese, lanthanum, ianthanide mixture and 1 0 

mixtures thereof present in an amount effective to impart increased corrosion resistance to 
the treated substrate, and 

D) chromium ions substantially ail of which are in the trivalent state. 

5. An aqueous acidic solution for treating receptive metal substrates to impart a chromate 

1 5 passivate film thereon comprising 1 5 

A) an acid, 

B) an oxidizing agent, 

C) cerium ions present in an amount effective to impart increased corrosion resistance to the 

treated substrate, and 

20 D) chromium ions substantially all of which are in the trivalent state. . 20 

6. An aqueous acidic solution for treating receptive metal substrates to impart a chromate 
passivate film thereon comprising 

A) hydrogen ions to provide an acidic pH, 

B) an oxidizing agent, 

25 C) at least one additional metal ion selected from the group consisting of iron, cobalt, nickel, 25 

molybdenum, manganese, lanthanum, Ianthanide mixture and cerium and mixtures thereof 
present in an amount effective to impart increased corrosion resistance to the treated 
substrate, 

D) chromium ions substantially all of which are in the trivalent state, and 

30 E) a bath soluble and compatible organic carboxyiic acid present in an amount effective to impart 30 

initial hardness and clarity to the passivate film, the said organic acid having the structural 
formula: 

(OH) a R(COOH) b 



wherein: 

35 a is an integer from 0 to 6; 35 

b is an integer from 1 to 3; and 

R represents an alkyl, alkenyl, or aryl group containing from to C 8 carbon atoms; 
as well as the bath soluble and compatible salts thereof. 

7. An aqueous acidic solution for treating receptive metal substrates to impart a chromate 

40 passivate film thereon comprising 40 

A) hydrogen ions to provide an acidic pH, 

B) an oxidizing agent, 

C) at least one additional metal ion selected from the group consisting of iron, cobalt, nickel, 

molybdenum, manganese, aluminium, lanthanum, Ianthanide mixture and cerium and 
45 mixtures thereof present in an amount effective to impart increased corrosion resistance to 45 

the treated substrate, 

D) chromium ions substantially all of which are present in the trivalent state and present in an 

amount effective to produce a chromate film, and 

F) a bath soluble and compatible silicate compound present in an amount effective to provide 

50 improved hardness to the passivate film, and improved corrosion protection to the substrate. 50 

8. An aqueous acidic solution for treating receptive metal substrates to impart a chromate 
passivate film thereon comprising 

A) hydrogen ions to provide an acidic pH, 

B) an oxidizing agent, 

55 C) at least one additional metal ion selected from the group consisting of iron, cobalt, nickel, 55 

molybdenum, manganese, aluminium, lanthanum, Ianthanide mixture and cerium and 
mixtures thereof present in an amount effective to impart increased corrosion resistance to 
the treated substrate. 

D) chromium ions substantially all of which are present in the trivalent state and present in an 
60 amount effective to produce a chromate film, and 60 

G) a stabilizing agent comprising a mixture of 1 -hydroxy ethylidene-1 ,1 diphosphonic acid and 

citric acid as well as the bath soluble and compatible salts thereof present in an amount 
effective to reduce loss of the oxidizing agent and to inhibit a rise in the pH of the solution. 
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9. An acueous acidic solution as claimed in anyone or c,a,™ . « - 
vided by an acid. . . g in wn ; c h the said acid is a mineral acid. 

It £ SSS 33S S SS3 S 2S ™ - ** ^ «*— «**». 

'"""'"An aqueous solution as in anyone ofcia.ms 1 « « having a pH o, abou, , .5 .o 

, o ^An aqueous solution a, Calmed in anyone ofclalms - to , 3 having a pH o, abou, , .5 to 
ab ° U, ft°An aqueous soluuon as Calmed ,n anyone =, claims 1 to U having a pH „, abou, 1 .6 ,. 
about 1.8. , . rlairn( , d ,„ a „ y one of claims 1 to 1 Sin which the said oxidizing agent, 

1 6. An aqueous solution as claimed "> "»™"ko ^ ^uiui on a weight equivalent 
, 5 Ingredient B. Is present In an amount of about 1 to zu gn ca 

effectiveness basis to hydrogen peroxide. , d OTidizir , g agent is present in an 

20 An aqueous solution as claimed In anyone o, claims , ,0 , 7 in which the said oxidizing agent ,0 

comprises a peroxide. .. mpd , daim y 8 in which the said oxidizing agent comprises 

1 9. An aqueous solution as claimed in claim 1 o 

hydrogen peroxide. hi h the said at | eas t one additional 

20. A process as to about 1 0 g/l e.g. in the 2. 

in " irr a r oulsoUio'n as daimed in C.aim 2. in which ingredient C Is present In an amount o ^ 
30 about £02 to about , g/l. ^ ^ ^ h da , m 22 ,„ whic „ ingredient C is present in an amount o 
. ^ n 4 ehmif n 9 a/I. , . nn «!i!ninn at least one 



23. An aqueous suiu»«» «~ 

about 0.1 to about 0.2 g/l. , 23 further containing at least one 

24. An aqueous solution ^^"^^'Kn cobalt, nickel, molybdenum, 
additional metal ion select «d fr om the group c ons s 1 thereof< 

35 manganese a^^^one of Cairns 1 to 24 further conta.ning as 

zo - T Tl. ,i„ m ,r,i..m. _ . »♦ i on *t one additional metal 



35 



50 



25 An aqueous solution as cia.meu ... «. f 

— - ™ * im 25 ln whloh * e sa,d at ,east one 

„ —rraqueous eoiution as claimed in anyone of claims 24. 2. or 2a In which the said at leas 
- tt^SZttSX* anyone o, claims 24 to 27 In which the said a, ieas, one 

- ^xsz^zstt**™ - — 24 ,0 29 ,n WMCh "* at ,MSt one 

•^KSffS* anyone of claims 24 to 30 in which ,h, said at ieast one 

additional metal Ion """''"^ ^1Z^ anyone of claims 1 to 33 in which the trivalent chromium 
55 ions/ngre^^^ 

-^SE-SA..-.- ch,he,va,en,chrom,mionsarepresen, 

so '""^n'a!^^ 

38 An aqueous solution as claimed in claim J 

amount up to about 8 g/l. , m 38 in which the said halide ions are present 

39. An aqueous solution af claimea 
amount of about 0.1 to about 2.5 g/l. 
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40. An aqueous solution as claimed in claim 37 in which the said halide ions are present in an 
amount up to about 2 g/l. 

41 . An aqueous solution as claimed in claim 40 in which the said halide ions are present in an 
amount of about 0.1 to 0.5 g/l. 

5 42. An aqueous solution as claimed in anyone of claims 1 to 41 further containing a surfactant. 5 

43. An aqueous solution as claimed in claim 42 in which the said surfactant is present in an 
amount up to about 1 g/l. 

44. An aqueous solution as claimed in claim ^3 in which the said surfactant is present in an 
amount of about 50 to about 1 00 mg/l. 

1 0 45. An aqueous solution as claimed in anyone of claims 1 to 44 further containing sulphate ions 1 0 

in an amount up to about 1 5 g/l. 

46. An aqueous solution as claimed in claim 45 containing sulphate ions in an amount of about 
0.5 to about 5 g/I. 

47. An aqueous solution as claimed in claim 4 or as claimed in anyone of claims 9 to 46 when 

1 5 appendant to claim 4 in which the said iron ions are present in an amount of about 0.05 to about 0 5 15 
g/L 

48. An aqueous solution as claimed in claim 47 in which the said iron ions are present in an 
amount of about 0.1 to about 0.2 g/l. 

49. An aqueous solution as claimed in claim 2 or as claimed in anyone of claims 9 to 48 when 

20 appendant to claim 2 in which the said iron and the said cobalt ions are present in an amount of about 20 
0.02 to about 1 g/l. 

50. An aqueous solution as claimed in claim 49 in which the said iron and the said cobalt ions are 
present in an amount of about 0.1 to about 0.2 g/l. 

5 1 . An aqueous solution as claimed in anyone of claims 2, 3 or 4 or claims 6 to 50 when 

25 appendant to claims 2, 3 or 4 further containing cerium ions present in an amount of about 0.5 to 25 
about 1 0 g/l. 

52. An aqueous solution as claimed in claim 51 containing cerium ions in an amount of about 1.0 
to about 4 g/l. 

53. An aqueous solution as claimed in claim 5 or in anyone of claims 9 to 52 when appendant to 

30 claim 5 in which the said cerium ions are present in an amount of about 0.5 to about 1 0 g/l. 30 

54. An aqueous solution as claimed in claim 53 in which the said cerium ions are present in an 
amount of about 1 .0 to about 4 g/l. 

55. An aqueous acidic solution as claimed in anyone of claims 1 to 52 containing cerium ions in 
an amount of about 0.5 to about 10 g/l. 

35 56. An aqueous acidic solution as claimed in claim 55 in which the aqueous acidic solution 35 

contains cerium ions in an amount of about 1 to about 4 g/I. 

57. An aqueous solution as claimed in claim 6 or in anyone of claims 9 to 56 when appendant to 
claim 6 in which the said carboxylic acid, ingredient E, is present in an amount of about 0.05 to about 4 

g/i- 

40 58. An aqueous solution as claimed in claim 57 in which the said carboxylic acid is present in an 40 

amount of about 0.1 to about 1 g/I. 

59. An aqueous solution as claimed in claim 6 or in anyone of claims 9 to 58 when appendant to 

claim 6 in which the said organic carboxylic acid comprises maionic, maieic, succinic, gluconic, tartaric 

or citric acid or mixtures thereof as well as salts thereof. 
45 60. An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 45 

salts thereof comprises succinic acid. 

61. An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 
salts thereof comprises maionic acid. 

62. An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 

50 salts thereof comprises maieic acid. 50 

63. An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 
salts thereof comprises gluconic acid. 

64. An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 
salts thereof comprises tartaric acid. 

55 65. An aqueous solution as claimed in claim 57 or claim 58 in which the said carboxylic acid and 55 

salts thereof comprises citric acid. 

66. An aqueous solution as claimed in claim 7 or in anyone of claims 9 to 65 when appendant to 
claim 7 in which the said silicate compound is present in an amount of about 0.1 to about 5 g/l 
calculated as Si0 2 . 

60 67. An aqueous solution as claimed in claim 66 in which the said silicate compound is present in 60 

an amount of about 0. 1 to about 0.5 g/l calculated as Si0 2 . 

68. An aqueous solution as claimed in claim 7 or in anyone of claims 9 to 67 when appendant to 

claim 7 in which the said silicate compound comprises an inorganic bath soluble and compatible 

silicate compound present in an amount up to about 2 g/l. 
65 69. An aqueous solution as claimed in claim 68 in which the said silicate compound comprises 65 
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an ..Ml metal or ammonium i-hich the said 

70. An aqueous solution as cla, med ' n *^7^ comp ound present in an amount of 
silicate compound comprises a quaternary ammonium 

about 0.01 to about 5 g/l calculated as S. 0 2 . gaid compoU nd composes ^a 

7 1 . An aqueous solut.on as cla.med in claim 70 in gbout Q 1 ^ abQut q g g/, ca , cula ted 
quaternary ammonium silicate compound present m an 

as Si0 2 . . . . in claim 70 or d aim 7 1 in which the said silicate compound 

72. An aqueous solution as claimed in claim /u or u 
has the following structural formula: 

ROR':xSi0 2 :yH 2 0 

Wherein: « mm „„| u m radical substituted with four organic radicals selected from 

R' represents R or a hydrogen atom; 
x is an integer from 1 to 3, and 

Y 7? S'SK^^ - claimed in 7 1 further containing a bath 

solub^compSe organic carboxyUcadd i or ■. --^^r ^ so.ub.e and compatible organic 

carbo^S^^^ initi3 ' C ' aritV " " 

"m the organic acid having the structural formula: 

(OH) a R (COOH) b 
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Wherein: _ _ 

a is an integer from 0 to e; 
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aisanintegerfromutoo, 

25 S '^STJJSi a° k env"or any, group containing from C, to C 8 carbon atoms; as we„ as the 

oath soluble S ^SS5^*SS'«" claim 73 in which the said carboxy.ic acid is present in an 

amount of about 0.05 to about 4 g/l. sajd carboxy | ic acid is present in an 

75. An aqueous solution as claimed in claim /<* in w 
amount of about 0.1 to about 1 g/l. 4 ?5 ; whicn the sa id organic carboxylic 

salts thereof. , . H in Ha ,m 8 or in anyone of claims 9 to 76 when appendant to 

dipnosphonic ,cld is present in an a _moun. * n ° a a °, one rf c T a ,ms 9 to 78 when appendant to 

79 An aqueous solution as claimed in uaim o or > to ab out 10 g/l. 

claims in which the said citric ^^££ 7 %^&*^ citric acid is present in an 

80 An aqueous solution as claimed in claim /» 

amount of about 0.5 « *°^f e f u - |tabte for dilution with water and by addition of 4g 
81 . An aqueous concentrate suixaow i« 
45 A) hydrogen ions to provide an acidic pn, 

50 cnromate passivate film hereon the sa.dj ^^™ P e triv 9 alent state and about 5 to 

of chromium ions substantially all of ^f™*™** ammonium silicate, 
about 50 g/l calculated as ^^^^j^n**** up to about 50 g/l of hal.de 
82 An aqueous concentrate as claimed in cla.m b 

ions - ntrate as claimed in claim 81 or claim 82 further including a surfactant 

55 83 An aqueous concentrate as ciaimeu w 

present in an amount of up to about j E i g/l. substan tiallY as specifically described herein with 

84. An aqueous so.ut.or .as cla.med l.r icla.rr £ su ° 2 6 2>7 or 2 .8. . 
reference to Examples 2.1 . 2.2. 2.3. 2.4 f; 5 ^ 2 -^' ^ to impart a chromate passivate Wm thereon 

85. A process for treating a recs P tl \l^^^- th a solution as claimed in cla.m 4 or as 
60 which comprises the steps of contactmg ^ ^?££ lm 4 or Cairn 84 at a temperature of about 

claimed in anyone of claims 9 to 80 when appe 
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40° to about 1 50°F (4° to 66°C).for a period of time sufficient to form a passivate film thereon. 

86. A process as claimed in claim 85 substantially as specifically described herein with reference 
to anyone of the accompanying Examples 2.1 to 2.4, 2.5B, 2.5C, 2.5D, 2.6, 2.7 or 2.8. 

87. A receptive substrate whenever provided with a passivate by a process as claimed in claim 

5 85 or claim 86. , 5 

88. An aqueous solution as claimed in claim 2 substantially as specifically described herein with 
reference to Example 1 .1 or 1 .2. 

89. A process for treating a receptive metal substrate to impart a passivate film thereon which 
comprises the steps of contacting the substrate with a solution as claimed in claim 2 or anyone of 

1 0 claims 9 to 80 when appendant to claim 2 or claim 88, at a temperature of about 40° to about 1 50°F 1 0 
(4° to 66 °C) for a period of time sufficient to form a passivate film thereon. 

90. A process as claimed in claim 89 substantially as specifically described herein with reference 
to Example 1.1 or 1 .2. 

9 1 . A receptive substrate whenever provided with a passivate by a process as claimed in claim 

15 89 or claim 90. 15 

92. An aqueous solution as claimed in claim 5 substantially as specifically described herein with 
reference to anyone of Examples 3.1 , 3.2, 3,3, 3.4 or 3.5. 

93. A process for treating a receptive metal substrate to impart a chromate passivate film thereon 
which comprises the steps of contacting the substrate with a solution as claimed in claim 5 or as 

20 claimed in anyone of claims 9 to 80 when appendant to claim 5 or claim 92 at a temperature of about 20 
40° to about 1 50° F (4° to 66 °C) for a period of time sufficient to form a passivate film thereon. 

94. A process as claimed in claim 93 substantially as specifically described herein with reference 
to anyone of the accompanying Examples 3.1, 3.2, 3.3, 3.4 or 3.5. 

95. A receptive substrate whenever provided with a passivate by a process as claimed in claim 

25 93 or claim 94. 25 

96. An aqueous solution as claimed in claim 6 substantially as specifically described herein with 
reference to anyone of Examples 4.1 , 4.2 or 4.3. 

97. A process for treating a receptive metal substrate to impart a chromate passivate film thereon 
which comprises the steps of contacting the substrate with a solution as claimed in claim 6 or anyone 

30 of claims 9 to 80 when appendant to claim 6 or claim 96, at a temperature of about 40° to about 30 
1 50°F (4° to 66°C) for a period of time sufficient to form a passivate film thereon. 

98. A process as claimed in claim 97 substantially as specifically described herein with reference 
to anyone of the accompanying Examples 4.1 , 4.2 or 4.3. 

99. A receptive substrate whenever provided with a passivate by a process as claimed in claim 

35 97 or claim 98. 35 

1 00. An aqueous solution as claimed in claim 7 substantially as specifically described herein with 
reference to anyone of Examples 5.1 , 5.2, 5.3, 5.4, 5.5, 5.6, 5.7 or 5.8. 

101 . A process for treating a receptive metal substrate to impart a chromate passivate film 

' thereon which comprises the steps of contacting the substrate with a solution as claimed in claim 7 or 
40 as claimed in anyone of claims 9 to 80 when appendant to claim 7 or claim 100, at a temperature of 40 
about 40° to about 1 50° F (4° to 66°C) for a period of time sufficient to form a passivate film thereon. 

1 02. A process for treating a receptive metal substrate to impart a chromate passivate film 
thereon which comprises the steps of contacting the substrate with a solution as claimed in claim 7 or 
as claimed in anyone of claims 9 to 80 when appendant to claim 7 or claim 1 00, at a temperature of 

45 about 40° to about 1 50°F (4° to 66°C) for a period of time sufficient to form a passivate film thereon, 45 
contacting the passivated substrate with a dilute aqueous rinse solution for a period of at least about 
one second containing a bath soluble and compatible silicate compound present in an amount effective 
to impart improved corrosion resistance and hardness to the passivate film, and thereafter drying the 
passivated silicate rinsed substrate. 

50 103. A process as claimed in claim 101 or claim 102 substantially as specifically described 50 

herein with reference to anyone of the accompanying Examples 5.1 to 5.8. 

1 04. A receptive substrate whenever provided with a passivate by a process as claimed in claim 
101, 102 or 103. 

■ 1 05. An aqueous solution as claimed in claim 8 substantially as specifically described herein with 
55 reference to anyone of the accompanying Examples 6.1 to 6.5. 55 
1 06. A process for treating a receptive metal substrate to impart a chromate passivate film 
thereon which comprises the steps of contacting the substrate with a solution as claimed in claim 8 or 
as claimed in anyone of claims 9 to 80 when appendant to claim 8 or as claimed in claim 1 05, at a 
temperature of about 40° to about 1 50°F (4° to 66°C) for a period of time sufficient to form a 
60 passivate film thereon. 60 
1 07. A process for treating a receptive metal substrate to impart a chromate passivate film 
thereon which comprises the steps of contacting the substrate with a solution as claimed in claim 8 or 
as claimed in anyone of claims 9 to 80 when appendant to claim ,8 or as claimed in claim 1 05, at a 
temperature of about 40° to about 1 50°F (4° to 66°C) for a period of time sufficient to form a 
65 passivate film thereon, contacting the passivated substrate with a dilute aqueous rinse solution for a 65 
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^ntaininn a bath soluble and compatible silicate compound 

1 06, 1 07 or 1 08. «„h^trate to imoart an improved chromate passivate 

manganese, aluminium, lanthanum. Ianthan.de ™^ " riod of time sufficient to form a 

contacting the substrate with the sa.d aqueous ac.d « ^'ujon for a peno passivated substrate 
passivate film thereon, contacting ^ ^ anS compatible silicate compound 

1 5 with a dilute aqueous rinse solution containing i ^larSeia to the passivate film and improved 
present in an amount effective to '^rt^^^Kted silicate rinsed substrate. 
Corrosion resistance to the substrate and *«^ r jM a ^^Se^ w?»r rinsing the said 
passed tSSS pSolrc^rac'tlng ^^strate with'the said aqueous silicate rinse 

20 solution. . . 1 1 2 in which tne tne said aqueous rinse solution 

112 A orocess as e a rned in claim m or claim 1 1 wnn. 

comprises "J^^K'iJd,,.,, , 14 in which the said inorganic silicate compound comprises 
an alkali "ft^TS^W* of claims 1 1 0 to 1 1 3 in which the said silicate compound ^ 
30 comprises ^^^^M m ^^ , 1 6 in which the said organic silicate compound comprises a 
^^^^ m u ^^^SS^ 1 6 Qr c|ajm u7]n which the said org anic silicate compound 
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has the structural formula: 

R0R'^StO 2 :yH 2 O 



35 



Wherein: . ra/4i . a i -..hstituted with four organic radicals selected from 

R' represents a hydrogen atom; 40 
40 z is an integer from 1 to 3; and 

y is an integer from 0 to 15. „i„ !rms 1 1 n to 1 1 8 in which the said aqueous rinse 

1 1 9. A process as claimed in anyone of claims 110 to 1 1 a ir 1 wn.cn 
solution is at a temperature of about 50° tc 1 about I 50 F (1 0 to ,86 C, contacting the 

45 passiv^d^SwIth'S 

one second up to about one m,nu * e ; f . , n 0 to 1 20 In which the said rinse solution further 

1 21 . A process as claimed in anyone ot claims 1 1 u lu ' ' 
contains from about 0.05 to about 5 g/I of a «mpwhl e v^tt ng agent soiutjon 
1 22 A process as claimed in anyone of claims 1 1 0 to l in wn.cn 
50 contains from about 1 to about 50 q/l of an emu l s ' f ' a °'f . : _ ... w „ h thfi said ri nse solution further 

1 23. A process as claimed in anyone of claims 1 1 u ™ ' ' ' " ""amount of about 0.1 to about i 
contains an alkali metal or ammonium nitrite or m.xtures thereof in an amount 

9/1 ■• ^^^.aim 110 substantially as specifically described herein with 

1 24. A process as cla.med in claim 11 C subs 1am any p r ^ ? 3p 55 

55 reference to anyone of the accompanying I ^Ples 7 .1 • J^to • . jn anyone Qf claims , , 0 

1 25. A receptive substrate whenever suDjeciea ia d h iu ^ 
to 124. , . r ,. m ft7 qi g5 99 104, 109 or 125 in which the 

60 maqnesium or magnesium alloy. . . „, n «irp 

. « ■ " Office by !h e Courier Press. Leamington Spa. 1 982. Published by the Patent OK.ce. 
Printed for Her ^^Z^^X^. WC2A 1 AY. from which copies may be obta.ned. 
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